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Abstract  
Background and aims  
Worldwide, the prevalence of overweight, obesity and depression are increasing in both 
males and females and across different age groups. Although an increasing number of studies 
have examined their association, the results of these studies are mixed and therefore do not 
allow any firm conclusions to be drawn about either the strength or direction of any 
associations. One potential explanation is that there are relatively few cohort studies 
available, with sufficiently long follow-up periods that also have data on both depression and 
obesity as well as on potential confounding factors. The aim of this study was to examine the 
longitudinal associations between overweight, obesity and depression, in both adolescents 
and adults, with a focus on adult women who are increased risk, across their reproductive life 
course, of overweight, obesity and depression.   
 
Methods 
The first phase of the study comprised two systematic reviews and meta-analyses. 
Comprehensive computerized literature searches were undertaken using Pubmed (including 
Medline), PsycINFO, Embase, CINAHL, BIOSIS Preview and the Cochrane Library. A 
standard data extraction form was used to collect the secondary data for the systematic 
reviews. For the meta-analyses, a quality effects model was used instead of a random effects 
model to estimate the pooled effect size this then allowed for an empirical bias adjustment of 
the studies included in each review.  
 
The second phase of the study investigated the longitudinal association between overweight, 
obesity and depression in adult women and used data from the mothers’ cohort of the Mater 
University Study of Pregnancy (MUSP), a prospective pre-birth cohort study which began in 
1981 at the Mater Hospital in Brisbane, Australia. The baseline sample consisted of 6753 
pregnant women attending their first obstetric visit for that pregnancy. These women have 
been followed up at eight points in time over a 27 year period. The current work uses 
depression and covariates from every measurement period from pregnancy to 27 years. Body 
mass index, waist circumference and waist to hip ratio measures were ascertained from the 
women at baseline and again at the 21 and 27 year follow-ups. A number of statistical and 
methodological approaches were applied to estimate the longitudinal association between 
depression and overweight and obesity and to account for attrition occurring over this period.  
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Key findings  
The first systematic review and meta-analysis examined the association between obesity and 
depression in adolescents and young adults. It found: 1) a bi-directional association between 
obesity and depression in adolescence. The association was stronger from depression leading 
to obesity than for obesity leading to depression. Both males and females were at risk, 
however; the association was stronger for young adult females. The second systematic review 
and meta-analysis examined the same association in adulthood, the findings were similar, that 
is: 2) in adulthood, the strength of the association between obesity and depression was greater 
from depression leading to obesity. A bidirectional relationship was evident for both men and 
women, these associations were more pronounced among young and middle aged women and 
women when followed for longer time periods. 
 
The bidirectional associations found in the studies comprising the first phase of this thesis 
were explored in depth using the MUSP longitudinal data. Three aspects of the association 
were examined: 1) the first study explored the association between gestational weight gain, 
postpartum weight retention and adult mental health. Adult women who gained either 
inadequate weight or excess weight during pregnancy were at an increased risk of lifetime 
anxiety and of co-morbid anxiety and depression. Women with higher postpartum weight 
retention were at an increased risk of experiencing depression in the last 12 months and of 
experiencing lifetime anxiety. 2) The second study examined the effects of the chronicity and 
severity of depression on obesity, measured using body mass index (BMI) and waist 
circumference (WC). Women who experienced both chronic and severe depression were at 
an increased risk of BMI and WC related obesity compared with women with no depression 
at 27 years postpartum. All these associations were independent of other potential 
confounding factors. 3) In relation to the timing of depression, two time periods were 
identified, the first was depression experienced around pregnancy and the early postpartum.  
The second was depression experienced during the early child-rearing period (when the child 
was between 5 and 14 years old). Women who were depressed around pregnancy were at an 
increased risk of obesity 21 years postpartum. Chronic depression, extending from pregnancy 
through the early child rearing period, increased women’s risk of obesity assessed using WC 
and waist to hip ratio (WHR) 21 years postpartum. 
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Conclusions  
Although obesity and depression are bi-directionally associated, over the life course 
depression has a stronger effect on the development of obesity than obesity has on the 
development of depression. Appropriate interventions targeting depression may reduce the 
risk of obesity, particularly in women during their childbearing years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
v 
 
Declaration by author 
This thesis is composed of my original work, and contains no material previously published 
or written by another person except where due reference has been made in the text. I have 
clearly stated the contribution by others to jointly-authored works that I have included in my 
thesis. 
 
I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, data analysis, significant technical procedures and any other original research 
work used or reported in my thesis. The content of my thesis is the result of work I have 
carried out since the commencement of my research higher degree candidature and does not 
include a substantial part of work that has been submitted to qualify for the award of any 
other degree or diploma in any university or other tertiary institution. I have clearly stated 
which parts of my thesis, if any, have been submitted to qualify for another award. 
 
I acknowledge that an electronic copy of my thesis must be lodged with the University 
Library and, subject to the policy and procedures of The University of Queensland, the thesis 
be made available for research and study in accordance with the Copyright Act 1968 unless a 
period of embargo has been approved by the Dean of the Graduate School.  
 
I acknowledge that copyright of all material contained in my thesis resides with the copyright 
holder(s) of that material. Where appropriate I have obtained copyright permission from the 
copyright holder to reproduce material in this thesis. 
 
 
 
 
 
 
 
 
vi 
 
Publications during candidature  
Peer-reviewed papers  
1. Mannan M, Mamun A A, Doi S.A, Clavarino A. Prospective associations between depression 
and obesity for adolescent males and females- a systematic review and meta-analysis of 
longitudinal studies. Accepted by PLOSone; 11(6): Published online 2016 June 
10. doi:  10.1371/journal.pone.0157240 
 
2. Mannan M, Mamun A A, Doi S.A, Clavarino A. Is there a bi-directional relationship between 
depression and obesity among adult men and women? Systematic review and bias-adjusted 
meta-analysis. Accepted by the Asian Journal of Psychiatry; 51-66; 
http://dx.doi.org/10.1016/j.ajp.2015.12.008. 
 
Publications included in this thesis  
Publication citation 1 – incorporated as Chapter 4 
Publication 
citation 1  
Mannan M, Mamun A A, Doi S.A, Clavarino A. Prospective associations 
between depression and obesity for adolescent males and females- a 
systematic review and meta-analysis of longitudinal studies.  
PLOSone, doi:  10.1371/journal.pone.0157240 
Author 
contribution 
Development of research question: Mannan M (80%), Mamun AA (10%), 
Clavarino A (10%) 
Data collection and management: Mannan M (90%), Doi S.A (10%) 
Statistical analysis and interpretation: Mannan M (75%), Doi S.A (15%), 
Mamun AA (10%) 
Wrote the manuscript: Mannan M (100%) 
Edited the manuscript: Mannan M (70%), Mamun AA (10%), Clavarino A 
(20%) 
 
 
Publication citation 2 – incorporated as Chapter 5 
Publication 
citation 1  
Mannan M, Mamun A A, Doi S.A, Clavarino A. Is there a bi-directional 
relationship between depression and obesity among adult men and 
women? Systematic review and bias-adjusted meta-analysis.  
Asian Journal of Psychiatry, doi.org/10.1016/j.ajp.2015.12.008 
vii 
 
Author 
contribution 
Development of research question: Mannan M (80%), Mamun AA (10%), 
Clavarino A (10%) 
Data collection and management: Mannan M (90%), Doi S.A (10%) 
Statistical analysis and interpretation: Mannan M (75%), Doi S.A (15%), 
Mamun AA (10%) 
Wrote the manuscript: Mannan M (100%) 
Edited the manuscript: Mannan M (70%), Mamun AA (10%), Clavarino A 
(20%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
Contributions by others to the thesis 
Contributor Statement of contribution 
Munim, M (Candidate) 
Conceived the research question (80%) 
Designed the analysis (70%) 
Interpreted results (80%) 
Wrote the paper (100%) 
Clavarino, A (primary supervisor) 
Conceived the research question (10%) 
Interpreted results (10%) 
Edited papers (70%) 
Mamun, A  (secondary 
supervisor) 
Conceived the research question (10%) 
Design the analysis (30%) 
Interpreted results (10%) 
Edited papers (20%) 
Najman, J.M. Edited papers (5%) 
Williams, G.M. Edited papers (5%) 
 
Statement of parts of the thesis submitted to qualify for the award of another 
degree 
None. 
 
 
 
 
 
 
 
 
 
 
ix 
 
Acknowledgement 
I would like to express my sincere gratitude to my advisors Associate Professor Alexandra 
Clavarino and Associate Professor Abdullah Al Mamum, for their continuous quality and 
timely advice and support throughout the doctorate and related research. I am grateful for 
their patience, motivation, and immense knowledge. Their guidance helped me during 
researching and writing this thesis. However, I would also like to extend my thanks to Jake 
Najman and Gail William who provided critical appraisal and their time to improve my 
research. Moreover, I would like to thank the participants and all those involved in the Mater 
University Study of Pregnancy and to the Australian Government for providing financial 
assistance to allow me to undertake this research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
x 
 
Keywords 
Depression, anxiety, gestational weight gain (GWG), postpartum weight retention (PPWR), 
body mass index (BMI), waist circumference (WC), waist hip ratio (WHR)   
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
ANZSRC code: 111706, Epidemiology, 50% 
ANZSRC code: 111714, Mental Health, 50% 
 
Fields of Research (FoR) Classification 
FoR code: 1117, Epidemiology, 50% 
FoR code: 1117, Mental Health, 50% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
Table of Contents 
Abstract ........................................................................................................................................... ii 
Declaration by author ...................................................................................................................... v 
Publications during candidature ..................................................................................................... vi 
Publications included in this thesis ................................................................................................ vi 
Contributions by others to the thesis ............................................................................................ viii 
Statement of parts of the thesis submitted to qualify for the award of another degree ................ viii 
Acknowledgement ......................................................................................................................... ix 
Keywords ........................................................................................................................................ x 
Australian and New Zealand Standard Research Classifications (ANZSRC) ................................ x 
Fields of Research (FoR) Classification ......................................................................................... x 
List of Figures .............................................................................................................................. xiii 
List of Table ................................................................................................................................. xiv 
List of Abbreviation ..................................................................................................................... xvi 
Chapter 1: Introduction ................................................................................................................... 1 
1.1 Introduction .......................................................................................................................... 1 
1.2 Research aims and objectives ............................................................................................... 2 
1.3 Thesis outline ....................................................................................................................... 3 
Chapter 2: Literature Review .......................................................................................................... 7 
2.1 Prevalence and burden of overweight and obesity ............................................................... 7 
2.2 Prevalence and burden of depression ................................................................................... 9 
2.3 Patterns of overweight and obesity over the life-course .................................................... 11 
2.4 Patterns of depression over the life course ......................................................................... 14 
2.5 The plausibility of an association between overweight, obesity and depression ............... 18 
2.6 Evidence for the association between overweight, obesity and depression across the 
life course 21 
2.7 Research gap ...................................................................................................................... 25 
2.8 Rationale for the study ....................................................................................................... 25 
Chapter 3: General Methodology.................................................................................................. 48 
3.1 Introduction ........................................................................................................................ 48 
3.2 Systematic reviews and meta-analyses .............................................................................. 48 
3.3 The Mater University Study of Pregnancy (MUSP) .......................................................... 49 
3.4 Analyses of the MUSP data ............................................................................................... 56 
Chapter 4: The association between depression and obesity in adolescent males and females ... 62 
4.1 Context 62 
4.2 Prospective associations between depression and obesity for adolescent males and 
females- a systematic review and meta-analysis of longitudinal studies ................................. 63 
Chapter 5:  The association between depression and overweight and obesity in adult men and 
women ........................................................................................................................................... 88 
5.1 Context 88 
5.2 Is there a bi-directional relationship between depression and obesity among adult men 
and women? A systematic review and bias-adjusted meta analysis ........................................ 89 
Chapter 6: The association between gestational weight gain, postpartum weight retention, 
anxiety and depression over a 27 year period ............................................................................. 117 
6.1 Context 117 
xii 
 
6.2 The association between gestational weight gain and postpartum weight retention with 
anxiety and depression among women at 27 years after child birth- a longitudinal 
investigation using the MUSP cohort .................................................................................... 118 
Chapter 7: Association between the chronicity and severity of depression and overweight and 
obesity from pregnancy to 27 years postpartum ......................................................................... 141 
7.1 Context 141 
7.2 The association between the chronicity and severity of depressive symptoms and 
postpartum overweight and obesity among women: A 27 year follow-up cohort study ....... 141 
Chapter 8: Association between the timing of depression across a woman’s reproductive life 
course and the subsequent experience of overweight and obesity .............................................. 165 
8.1 Context 165 
8.2 Does timing of depression matter for women’s long term overweight and obesity – a 
population based longitudinal cohort study ........................................................................... 166 
Chapter 9: Discussion and Conclusion ....................................................................................... 187 
9.1 Introduction ...................................................................................................................... 187 
9.2 Key research findings ....................................................................................................... 188 
9.3 Strengths and limitations .................................................................................................. 191 
9.4 Research Implication ........................................................................................................ 193 
9.5 Conclusion ........................................................................................................................ 194 
9.6 Future research and recommendations ............................................................................. 194 
Appendix ..................................................................................................................................... 200 
Chapter 4: The Association between obesity and depression in adolescent males and 
females 200 
Chapter 5: The association between obesity and depression in adult men and women ......... 212 
Chapter 6: The association between gestational weight gain, postpartum weight retention, 
anxiety and depression over a 27 year period ........................................................................ 223 
Chapter 7: Association between the chronicity and severity of depression and overweight 
and obesity from pregnancy to 27 years postpartum ............................................................. 225 
Chapter 8: Association between the timing of depression across a woman’s reproductive 
life course and the subsequent experience of overweight and obesity ................................... 229 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
List of Figures 
Figure 4. 1: Flow diagram of the selection of articles ............................................................. 69 
Figure 5. 1: Flow diagram of the selection of articles ............................................................. 94 
Figure 7. 1: Selection and recruitment of the MUSP cohort [19] .......................................... 149 
Figure 8. 1: Adjusted risk of obesity in terms of (a) BMI (b) waist circumference (WC) and 
(c) waist-to-hip ratio (WHR) at 21 years by categories constructed by combining depression 
around pregnancy and the child rearing period.  .................................................................... 177 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
 
List of Table 
Table 3. 1 : Number (%) of participant at each phase of the MUSP cohort study .................. 50 
Table 3. 2: Number of participants with available information on depression at each data 
collection phase of MUSP (using DSSI/SAD) ........................................................................ 52 
Table 3. 3: Number of participants with BMI, WC and WHR data at different phases of the 
study ......................................................................................................................................... 53 
Table 3. 4: 1990 IOM guidelines for weight gain and rate of weight gain during pregnancy 
for women with singleton foetuses. ......................................................................................... 54 
 
Table 4. 1: Characteristics of the included studies .................................................................. 72 
Table 4. 2: Pooled estimates of incidence of depression leading to obesity measured in terms 
of relative and absolute risk using a quality effects model ...................................................... 73 
Table 4. 3: Sensitivity analyses of depression leading to obesity ............................................ 74 
Table 4. 4: Pooled estimates of the incidence of obesity leading to depression measured in 
terms of relative and absolute risk using a quality effects model ............................................ 77 
Table 4. 5: Sensitivity analyses of obesity leading to depression ............................................ 78 
 
Table 5. 1: Characteristic of the included studies .................................................................... 95 
Table 5. 2: Pooled estimates of the incidence of depression leading to obesity measured in 
terms of relative and absolute risk using a quality effects model .......................................... 101 
Table 5. 3: Sensitivity analyses of depression leading to obesity .......................................... 102 
Table 5. 4: Pooled estimates of the incidence of obesity leading to depression measured in 
terms of relative and absolute risk using a quality effects model .......................................... 104 
Table 5. 5: Sensitivity analyses of obesity leading to depression .......................................... 105 
 
Table 6. 1: Women’s baseline characteristics in relation to gestational weight gain and 
gestational weight gain categories using 1990 Institute of Medicine (IOM) guidelines 
(N=2979) ................................................................................................................................ 124 
Table 6. 2: Prevalence of CIDI measured depression, anxiety and co-morbid anxiety and 
depression by gestational weight gain categories at 27 years postpartum ............................. 127 
Table 6. 3: Prevalence of depression, anxiety and co-morbid anxiety and depression by 
postpartum weight retention (measured by relative change) at 27 years postpartum ............ 128 
xv 
 
Table 6. 4: Multivariate association between gestational weight gain categories in pregnancy 
with depression, anxiety and co-morbid anxiety and depression at 27 years postpartum 
(N=2979) ................................................................................................................................ 129 
Table 6. 5: Multivariate associations between relative change in postpartum weight retention 
with depression, anxiety and mental health co-morbid anxiety and depression at 27 years 
postpartum (N=1834) ............................................................................................................. 130 
 
Table 7. 1: Comparison of the characteristics of the women who have been included versus 
those who have been excluded at the 27 years postpartum follow-up of the MUSP cohort 
study ....................................................................................................................................... 151 
Table 7. 2: Mean and prevalence of BMI and WC by chronicity and severity of depressive 
symptoms at 27 years postpartum (n=1599). ......................................................................... 154 
Table 7. 3: Multinomial and linear regression showing associations between chronicity of 
depressive symptoms BMI and WC measured both as continuous and in categories, with 95% 
confidence interval [CI]; n=1599) ......................................................................................... 155 
Table 7. 4: Multinomial and linear regression showing association between severity of 
depressive symptoms and BMI and WC measured both in continuous and in categories, with 
95% confidence interval [CI]; n=1599 .................................................................................. 156 
 
Table 8. 1: Mean BMI, WC and WHR by timing of depression; using a sample of 3385 
women from the Mater-University of Queensland Study of Pregnancy cohort .................... 173 
Table 8. 2: Prevalence of depression and unadjusted relative risk of overweight and obesity 
(based on BMI, WC and WHR) at 21years postpartum by women’s baseline characteristics
................................................................................................................................................ 174 
Table 8. 3: Multinomial logistic regression showing the risk of overweight and obesity at 21 
years by depression around pregnancy and in child rearing period; using data from the  
MUSP cohort, Australia ......................................................................................................... 176 
 
 
 
 
 
 
xvi 
 
List of Abbreviation  
ADM   Anti depression Medication  
BDI  Beck Depression Inventory  
BMI                 Body Mass Index 
CDC  Centre for Disease Control and Prevention 
CES-D  Centre for Epidemiologic Studies Depression Scale 
CI  Confidence Interval  
CIDI Composite International Diagnostic Interview  
CVD                Cardiovascular Disease 
DALY           Disability Adjusted Life Year 
DSM  Diagnostic and Statistical Manual of Mental Disorders  
DSSI  Delusion Symptoms States Inventory 
EPDS  Edinburgh Postnatal Depression Scale 
FCV  First Clinical Visit  
GBD               Global Burden of Disease 
GEE  Generalised Estimating Equation  
HPA  Hypothalamic Pituitary Adrenal 
ICD  International classification of disease 
IOM  Institute of Medicine  
MUSP Mater University of Queensland Study of Pregnancy 
OR  Odds Ratio 
PNSS  Pregnancy Nutrition Surveillance System  
PPD                 Postpartum depression  
PPWR  Postpartum weight retention 
QE Quality Effect Model  
RD  Risk Difference  
RR  Relative Risk  
SD  Standard Deviation  
SE  Standard Error  
WC Waist circumfarance   
WHO  World Health Organization 
WHR Waist-hip ratio 
 
1 
 
Chapter 1: Introduction  
1.1 Introduction 
Globally, the prevalence of overweight, obesity and depression in both males and females 
and across different age groups has increased significantly over the last thirty years [1-10]. 
Both overweight, obesity and depression are well established causes for a large proportion of 
the total global and national burden of morbidity and mortality and have a significant 
negative impact on health across the life course [11-16] particularly in relation to the 
development of cardiovascular disease (CVD). This appears to be more common for women 
than men [17, 18]. These two disorders appear to be associated. Although there are number of 
review and meta-analytical studies that have examined the association between overweight, 
obesity and depression at different life stages and in adult women during their childbearing 
years [19-28] the nature of this association, in terms of its strength and direction, remains to 
be determined. Studies used in these reviews and meta-analyses are mostly cross-sectional or 
short duration prospective investigations. These studies have provided inconsistent results in 
terms of the strength and direction of any associations that may exist [29-40]. There are 
relatively few cohort studies available with sufficiently long follow-up periods, with data on 
both depression, overweight and obesity, as well as on potential confounding factors, that can 
examine the strength and direction of the association between these factors. To examine all 
three possible relationships, that is from overweight and obesity leading to depression, 
depression leading to overweight and obesity and the bi-directional association between 
overweight, obesity and depression a long follow-up study of a large population is required as 
both depression and overweight and obesity are chronic health conditions.   
 
The Mater University of Queensland Study of Pregnancy (MUSP) is a long-term follow-up, 
cohort study which has prospectively collected data on depression and obesity and their 
potential confounding factors for women from their pregnancy to 27 years 
postpartum. MUSP is uniquely placed to answers some of the life course questions raised in 
relation to depression and obesity which other studies cannot. The timing of the start of 
recruitment for the MUSP study (1981-83) coincided with the onset of the obesity epidemic 
in Australia and in most other industrialized countries. The monitoring of the cohort to date is 
thus synchronous with the progression of the obesity and depression epidemics in Australia. 
MUSP is unique in terms of the length of its follow-up a large cohort of Australian women; 
the latest follow-up of women (27yrs postpartum) makes MUSP Australia’s largest 
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longitudinal study tracking women from pregnancy to 27 years postpartum. MUSP’s size and 
the duration of follow-ups allow us to examine the nature and direction of the association 
between overweight and obesity and depression.  
 
This thesis aims to examine the life-course associations between overweight, obesity and 
depression in terms of strength and direction. The study is in two parts. The first part 
primarily focuses on the associations between overweight, obesity and depression in both 
adolescents and adults using systematic reviews and meta-analyses to determine what is 
known about any associations between obesity and depression in these different groups. The 
second part of the study explores different aspects of this association using a large cohort of 
adult women followed from pregnancy across the majority of their reproductive life-course. 
The results from this study will help to fill existing gaps in the literature by identifying any 
long-term associations that may exist between overweight, obesity and depression as well as 
determining whether or not there is a bidirectional link. It is anticipated that by providing 
information on the nature of the long term associations between overweight and obesity and 
depression, this study will contribute to early preventive interventions. 
 
1.2 Research aims and objectives  
Research Aims  
The aim of this thesis is to study the life course associations between overweight, obesity and 
depression in general populations and then specifically in women across their reproductive 
life course.  
 
The specific objectives of this thesis are to:  
Objective 1: Determine the prospective associations between depression and obesity for 
adolescent males and females.  
Objective 2: Examine the bi-directional relationship between depression and overweight and 
obesity among adult men and women. 
Objective 3: Investigate the longitudinal association between gestational weight gain and 
postpartum weight retention with depression and anxiety among women at 27 years after 
child birth   
Objective 4: Examine the effect of the chronicity and severity of depression on overweight 
and obesity among women 27 years after childbirth.  
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Objective 5: Investigate the effect of the timing of depression on the risk of overweight and 
obesity more than two decades after child birth.   
 
1.3 Thesis outline  
This thesis consists of nine chapters, beginning with the introduction and concluding with 
chapter 9. Following the introduction (chapter 1) is the literature review (Chapter 2). This 
chapter commences with an overview of the prevalence, burden and association between 
depression and overweight and obesity over the life course. A brief methodology chapter 
(Chapter 3) describes the key methodological elements of this study. It provides details of the 
participants, measurements and analyses used in order to determine the association between 
depression and overweight and obesity in women. Results are then presented in the following 
five chapters (Chapters 4 to 8). These include two published and three submitted manuscripts. 
Chapters 4 and 5 consist of manuscripts examining the longitudinal association between 
overweight, obesity and depression in both adolescents and adults. These two chapters are 
both systematic reviews and meta-analyses. Chapter 6 is the first chapter to present the results 
of the second phase of the study. This chapter explores the association between excess 
gestational weight gain and postpartum weight retention with anxiety and depression 27 years 
after childbirth. Chapter 7 consists of a manuscript describing the association between 
chronicity and severity of depression with overweight and obesity, measured as body mass 
index (BMI) and waist circumference (WC), at 27 years postpartum. Chapter 8, comprises a 
manuscript examining the association between the timing of depression and long term 
overweight and obesity, using a range of measures of overweight and obesity including body 
mass index (BMI), waist circumference (WC) and waist to hip ratio (WHR), over two 
decades following the index pregnancy. Finally, all of the results are summarized in Chapter 
9, followed by a discussion of the implications and limitations of the thesis, recommendations 
for future work and conclusions. 
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Chapter 2: Literature Review  
This chapter reviews the overall context of the thesis beginning with the prevalence and 
burden of overweight, obesity and depression across the life course. The patterns of these 
disorders at different stages of the life course are then discussed. The next section examines 
the plausibility of any association between overweight, obesity and depression. This is 
followed by an overview of the existing research. Finally, the research gaps and rationale for 
the study are summarized.  
 
2.1 Prevalence and burden of overweight and obesity  
Prevalence and burden of childhood and adolescent overweight and obesity  
Childhood and adolescent overweight and obesity are increasing globally, rising from an 
estimated 4.2% in 1990 to approximately 6.7% in 2010 and are expecting to reach 9.1% by 
2020 [1]. The majority of this burden is derived from the developed regions of the world, for 
example the United States, where an estimated 16.9% of children and adolescents age 
between 2-19 years are obese [2]. Similarly an estimated 20% of children and adolescents in 
Europe are overweight or obese [3]. In Australia, one in four children and adolescents aged 
between 5-17 years are either overweight or obese [4]. This high prevalence of overweight 
and obesity in early life has a number of negative health implications including an increased 
risk of asthma [5], bone fractures [6], hypertension [7], early cardiovascular disease [8], 
insulin resistance [9] and obstructive sleep apnoea [10]. Social stigma and the mental health 
consequences associated with obesity in childhood are also important [11-13]. Not 
surprisingly, the best predictor of overweight and obesity in adulthood is childhood obesity 
[14, 15]. The economic impact of childhood overweight and obesity is also huge. For 
instance in the US, it has been estimated that childhood obesity incurs approximately $14.3 
billion in medical spending annually [16]. 
 
Prevalence and burden of overweight and obesity in adulthood  
The global burden of adult overweight and obesity has been dramatically rising over the last 
three decades, from approximately 6.4% in 1980 to 12.0% in 2008 [17, 18]. Adult overweight 
and obesity is estimated to effect approximately 200 million men and nearly 300 million 
women worldwide [19]. According to a recent report by the Global Burden of Disease group 
(GBD) in 2010 [20], overweight and obesity were considered to be major contributors to 
estimates of  Disability Adjusted Life Years (DALYs) and were ranked as the sixth leading 
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risk factor for disease burden [21]. Both overweight and obesity have significant negative 
implications for public health, for health-related quality of life [22] and for overall life 
expectancy [23]. It appears that the disease burden associated with overweight and obesity 
will continue to increase over time. Global projections show that 2.16 billion people will be 
overweight and 1.12 billion adults will be obese by 2030 [24]. In Australia, the disease 
burden associated with overweight and obesity in adults has increased from 56.3% in 1995 to 
61.2% in 2007 and it is still growing [25]. Gender differences have also been observed in 
Australia with overweight and obesity more prevalent in men, 70.3% compared with 55.7% 
in women [26]. This combination of overweight and obesity in Australia is responsible for 
approximately 8.4% of the total burden of disease and injury [27]. The economic burden 
associated with overweight and obesity across the developed nations is estimated to be 
around 10% of total health care costs [28]. In Australia, the overall cost of obesity to 
Australian society and to the government was estimated to be approximately $8.6 billion 
from 2011 to 2012 [29]. 
 
Prevalence and burden of overweight and obesity in women across their reproductive life 
course 
The rates of overweight and obesity in women of childbearing age have been increasing 
rapidly over the last two decades. In the USA, approximately 35% women of reproductive 
age are either overweight or obese [30], while in the UK, one in five women are overweight 
or obese at the time of antenatal booking [31]. In Australia, approximately 43% of women are 
entering into pregnancy as either overweight or obese [32]. In addition, one third of the 
women in the US are gaining gestational weight above Institute of Medicine (IOM) 
recommended levels [33, 34]. This excess weight in pregnancy contributes to  between 14% 
and 20%  increased risk of women carrying 5 kg or more at 6–18 months postpartum than 
they were carrying before becoming pregnant [35]. It also contributes to the long term risk of 
weight gain and obesity [36]. The prevalence of overweight or obesity in middle-aged 
women, during and after menopause, is high and is rising worldwide, it increases more 
rapidly in women over the age of 40 years, with up to 65% being either overweight or obese 
[37-39]. The deleterious health consequences associated with obesity and visceral fat 
deposition after middle age encompass a variety of problems; including dyslipidaemia, 
metabolic syndrome, increased risk of cardiovascular disease (CVD), osteoporosis, 
malignancies and mortality [40-42]. Overweight and/or obesity also incurs an economic 
burden on both the woman and the healthcare provider. The high risk nature of pregnancies in 
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women who are obese warrant increased care by healthcare providers. Consequently, 
managing and treating obese women in pregnancy has a large impact on obstetric resources 
and service delivery and incurs high financial costs [43]. Overweight and obesity in middle 
age appears to have long-term adverse consequences for health-care costs. According to 
Australian Institute of Health and Welfare, coronary heart disease, which is associated with 
overweight and obesity, was the leading cause of morbidity in women aged over 65 in 2011 
[44].  
 
2.2 Prevalence and burden of depression 
Prevalence and burden of depression during childhood and adolescence  
The rate of depression is approximately 2% for children compared with 4% to 8% in 
adolescents [45]. The cumulative incidence of depression during adolescence ranges from 
15% to 20%, a rate which is comparable to the lifetime prevalence of depression in adults 
[46]. In Australia, it is estimated that approximately 7% of young people aged 16 to 24 will 
experience depression in any one year. The rate tends to be higher among young females 
(8.4%) compared with young males (4.3%) [47]. Depression is also associated with a number 
of potential health problems, including substance abuse, suicidal behaviour and academic and 
psychosocial problems [48].   
 
Prevalence and burden of adult depression  
Adult depression is a significant contributor to the global burden of disease, accounting for 
approximately 7.2% [49, 50]. The presence of depression is associated with an increased 
incidence of a number of medical conditions, including diabetes [51], hypertension [52] 
stroke [53] and certain types of cancer [54]. In Australia, over 4% of the adult population 
experience depression in any one year and approximately 20% of adults report experiencing 
depression during their lifetime, with almost twice as many women diagnosed with the 
disorder compared with men [55]. Adult depression is persistent and commonly recurs across 
the life course [56, 57]. After the first episode of depression, percentage estimates for further 
episodes do vary greatly and have been reported to range from 40% to 85%, depending upon 
the sample and measures used [58]. Clinical settings showed that the chronicity of depression 
varies from between 21% to 37% after one year, and between 60% and 75% after five years 
of follow-up; but these comprise the most severe, pervasive and recurrent cases [59-61]. In 
contrast, in general population samples the proportion of individuals reporting chronic 
depression has been found to be between 40% and 53% after 15-30 years of follow-up [62-
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64]. It has also been suggested that up to 90% or more of those with a prior history of 
depression will continue to experience recurrences over the life course [65, 66]. Depression 
costs the Australian economy approximately $12.6 billion per year and accounts for up to six 
million working days of lost productivity per year [67]. However, there are also significant 
personal and social costs to individuals and their families directly associated with depression 
[68]. 
 
Prevalence and burden of depression in women across their reproductive life course 
Depression among women over their reproductive life course is increasingly recognized as a 
public health issue [69]. The National Comorbidity Survey (NCS) found that between the 
ages of 15 and 54 years, the lifetime prevalence of depression for women is 21.3% [70]. 
During pregnancy, the prevalence of depression is estimated to be between 6.5% and 12.9% 
[69]. In postpartum women the prevalence of depression is estimated to be between 3% and 
19% [69, 71]. The risk of recurrence of postpartum depression is estimated at 40% [72, 73] 
and up to 50% during subsequent pregnancies [74]. In Australia, approximately 12% of 
women experience antenatal depression and between 10 and 20 % of women report 
depressive symptoms in the first year following the birth of an infant [75]. Postpartum 
depression can negatively affect not only women but also their children’s health as well as 
their social, emotional, cognitive and physical development in both the short and the longer 
term [76-78]. Depression is also common across the whole of a woman’s reproductive life 
course. Studies report that across the menopause transition the prevalence of depression 
ranges from 5.8% to 11%; in the peri-menopausal period, estimates of depression range from 
4% to 9.1%; and in the postmenopausal period from <1% to 9.8% [79-81]. Although most 
women progress through the menopause transition without experiencing significant 
depressive symptoms or a major depressive episode [82], recent epidemiologic studies 
suggest an increased risk for the development of psychiatric morbidity even among those 
who have never experienced depression prior to menopause [83, 84]. The health burden of 
depression, across women’s reproductive life course, also has a significant economic impact. 
In the US, maternal depression accounts for approximately $26.1 billion in direct medical 
care and $51.5 billion dollars is spent annually on workplace related costs, including 
absenteeism and disability [85]. In Australia, perinatal depression accounts for approximately 
$433.52 million in health care costs each year to the Australian economy [86]. Women with 
menopausal symptoms which are significantly increased by depression, or women treated 
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with hormone therapy, incurred significantly higher healthcare costs than those without 
menopausal symptoms or those not requiring treatment [87, 88].   
 
With the increasing burden of overweight, obesity and depression within various populations, 
multiple intervention programs have been actively developed worldwide. There are a wide 
variety of community and family-based interventions focusing on lifestyle and behavioural 
change, as well as therapeutic and psychological interventions targeting adolescents and 
adults, particularly adult women across their reproductive and later stages of the life course 
[89-95]. However, more research and consistent methods are needed to understand the 
comparative effectiveness of these prevention programs. So far, most of the intervention 
strategies have shown only a short-term positive impact.  
 
2.3 Patterns of overweight and obesity over the life-course  
Overweight and obesity in childhood and adolescence  
Childhood and adolescence have both been identified as important stages for the development 
and persistence of overweight/obesity [96]. There are a range of biological, social/lifestyle 
and psychological factors that appear to be associated with overweight/obesity in childhood 
and adolescence. Biological factors, include changes in the quantity and location of body fat 
which can lead to abnormal weight gain [96, 97]. Early adolescence is associated with a 
substantial increase in adipocyte (fat cell) size and the adolescent growth spurt is generally 
characterized by a rapid rate of growth in height [98] which may also be associated with 
increased adiposity [99]. These physiological changes continue throughout adolescence 
[100]. The sex differences  in adipose tissue distribution are probably caused by hormonal 
changes that occur during puberty [101]. Commonly, girls who experience puberty at an early 
age are at greater risk of overweight or obesity compared with boys [102, 103]. However, 
lifestyle changes, for example changes in dietary habits, decreased physical activity and 
increased sedentary activities (time spent watching TV, playing video games) also commonly 
take place during adolescence and these can also influence the development and persistence 
of overweight or obesity [104-106]. Although these changes affect both males and females, 
they are more pronounced in adolescent girls [107, 108]. There are also significant social 
issues occurring during adolescence, which can result in the obese adolescent enduring more 
weight-based teasing, which may increase psychological distress [109]. In turn, this can lead 
to emotional eating and cause further weight gain [110]. Adolescents may also encounter 
psychologically driven contributors, commonly stress and depressive disorders, which can 
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also lead to emotional eating or binge eating further contributing to weight gain or obesity 
[111]. Particularly, higher levels of perceived stress in the lives of adolescent have been put 
forward as one possible mechanism for the increase in metabolic syndrome [112]. It is 
evident that the early life perceived stress sets the adiposity trajectories [113] and that affect 
both the men and women in adulthood [114].   
 
Patterns of overweight and obesity in adulthood  
Overweight and obesity in adulthood are commonly associated with overweight/obesity in 
adolescence [115]. One study from the US found that almost half of overweight adults were 
overweight as an adolescent, and two-thirds of the adolescents in the highest quartile for 
weight, transition into the highest BMI quartile as adults [116]. However, BMI increases with 
age through the adult years with a decline commonly occurring in later life. Flegal and 
colleagues used repeated cross-sectional surveys to show that both obesity and severe obesity 
increase sharply from 20–29 to 30–39 and continue to rise until 50–59 years of age [32]. 
However, the age of the peak prevalence of obesity varies between men and women. Obesity 
in women peaks around age 50-55 years, which is relatively later than for men [117]. 
Nonetheless women’s greater BMI in later age (particularly post menopause) increases their 
likelihood of adverse health outcomes over rest of the life course [118]. In addition, with the 
shift of life stage, from adolescence to adulthood, changes in active lifestyle occurring during 
the teens and early 20s to a more sedentary lifestyle (physical inactivity, high calorie intake) 
are also associated with weight gain/obesity in adults [119]. One lifestyle factor, for instance, 
the regular consumption of alcohol, which is common in adulthood, contributes to an 
increased risk of overweight and obesity [120]. In adulthood, the occurrence of overweight 
and obesity is also associated with a number of psychosocial factors. The experience of major 
life events, for example, divorce, marriage or death of a spouse, can lead to weight increase 
[121]. Some people may respond to major life events by an excessive intake of food leading 
to overweight/obesity and this occurs equally with women and men [122]. However, adults 
experience numerous types of stress (eg, work, finances, family), and each type contributes to 
overall stress. Perceived stress is associated with direct changes to both physiologic (eg, 
hormonal response) and psychological processes. Chronically elevated levels of perceived 
stress affect cortisol levels, which have also been associated with increased risk for central 
obesity [123] for both men and women [124]. However, a link from perceived stress to severe 
obesity, through eating behaviours, has also been observed [125]. In particular, the tendency 
to overeat in response to different stimuli, such as when an individual is presented with 
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palatable foods or is under emotional distress, strongly predicted weight gain and BMI in 
adult women [126]. 
 
Patterns of overweight and obesity in women across their reproductive life course  
Women during their childbearing years gain weight and it is more common during 
pregnancy. Due to the wide variability in the amount of weight gained during pregnancy 
more researchers have acknowledged the determinants of adequacy of gestational weight gain 
are multi-factorial in nature. Biological, psychological and social risk factors have been 
identified [127]. Psychosocial factors are gaining more attention [128-130] with a recent 
systematic review have identified depression, body image dissatisfaction and social support 
as having significant links with weight gain during pregnancy [131]. Maternal stress, has 
been found to be negatively linked with weight gain, which may be due, at least partly, to 
wide stress measurement variability.  
 
However, this pregnancy weight gain may lead to the development of later overweight or 
obesity. If they are already over-weight or obese before a first pregnancy women tend to 
retain or gain more weight after pregnancy than average weight women [132, 133]. Weight 
gain before, during, and after pregnancy not only affects the current pregnancy but may also 
be a primary contributor to the future development of overweight or obesity in their mid or in 
later life course [134, 135]. In one recent study, women gaining excess weight during 
pregnancy were found to retain maximum weight for between 6-18 months after childbirth 
[136]. Some evidence also indicates that both gestational weight gain (GWG) and weight 
retention at one year postpartum are directly associated with a women’s body weight and 
overweight status decades after pregnancy [134, 137]. The reason may be that women who 
are metabolically prone to obesity are more susceptible to gaining excessive gestational 
weight due to the changes in their appetite regulatory mechanisms, to develop differences in 
insulin resistance and alterations in leptin signalling or differences in basal metabolic rate 
[138, 139]. In the postpartum period, the continuation of these changes further may contribute 
to the risk of weight gain or obesity in the long term [140]. There are a number of postnatal 
lifestyle and behavioural factors (for instance physical activity, diet and TV watching) which 
may also influence weight retention in both the short and long term postpartum [141]. In 
addition, parity [142] and younger age at delivery [143] also contribute to postpartum weight 
retention (PPWR). A number of socio-economic factors, including  marital status (whether  
the woman is single or in a partnered relationship) [142], education [143] and monthly 
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income [141], as well as whether or not the child is breast fed [19] can also influence the 
process of weight loss (or weight gain) after delivery [144].  
 
There is some evidence to suggest that during the menopausal transition women lose lean 
muscle mass and gain fat mass, particularly central or androidal fat redistribution [38, 145]. 
This may be due to changes in the hormonal milieu, especially a decline in circulating 
oestrogen levels though other factors including chronological aging and a decline in physical 
activity also play a significant role [146, 147]. Psychological vulnerability to stress and 
cortisol is related to greater central fat distribution [148]. The stress hormone, cortisol, 
directly affects fat storage and weight gain in stressed individuals. Cortisol is associated with 
increased appetite, cravings for sugar, and weight gain [149]. Post-menopausal women burn 
less fat than they did in their pre-menopausal year [150] and this fat deposition may increase 
the risk of greater weight gain.  
 
Overweight and obesity occur across the life course and are associated with an increased risk 
of both morbidity and mortality. Weight status is commonly measured using one of a range of 
measures, each of which captures a different aspect of overweight and obesity.  For example, 
body mass index (BMI), which is calculated, based on a person’s height and weight assesses 
general adiposity; waist circumference (WC) measures visceral fat around the abdomen, and 
waist to hip ratio (WHR) also captures visceral fat distribution around body organs. Growing 
evidence suggests that a central (abdominal) fat distribution pattern, which is captured by a 
higher waist circumference (WC) or waist-to-hip ratio (WHR), may be a better measure of 
risk of cardiovascular disease, diabetes or metabolic syndrome, than general adiposity or 
BMI, particularly in middle aged or older adults [151-153]. Abdominal obesity is one of the 
key conditions in a cluster of disorders known as the metabolic syndrome, which is also 
characterized by disturbed glucose or insulin metabolism, mild dyslipidaemia and 
hypertension [154-156]. While the physical consequences of obesity have been well studied, 
the psychological correlates are less well understood. 
 
2.4 Patterns of depression over the life course  
Patterns of depression during childhood and adolescence 
Most people experience their first episode of a depressive disorder during adolescence [157]. 
This appears to be due to the biological, lifestyle and psychosocial changes commonly 
experienced during this life stage [158, 159]. Similar to overweight and obesity, the most 
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common contributors to the development of depression in adolescence appear to be the 
timing of puberty and pubertal development as well as brain and cognitive maturation [160].  
This includes enhanced social understanding and self-awareness [161], changes in the brain’s 
responses to reward and danger, and increases in reported stress levels- especially for girls 
[162, 163]. Perceived stress during adolescence is a  likely cause of the development of 
depression [164]. When adolescents perceive an increase in stress, they may also experience 
a range of symptoms including fatigue, guilt, depressive mood, dissatisfaction, a sense of 
failure, irritability, and other symptoms associated with depression [165]. With regard to 
gender differences, increased perceived stress related to interpersonal stressors has been 
found in adolescent girls [166, 167]. Sex is also an important factor. Starting in early 
adolescence, girls report higher levels of depressive symptoms than boys and this continues 
to increase over adolescence [160]. However, a decrease in physical activity and an increase 
in sedentary behaviours, (for example prolonged use of video games and internet activity) 
[168] may promote social isolation which further results in depression and girls are at greater 
risk compared with boys [169]. In adolescence inadequate social support (both peer and 
family) is also a significant contributor to the development of depression [170]. Depression at 
this stage of life is also commonly associated with, and is often preceded by, anxiety [171, 
172]. Co-morbid anxiety and depression is associated with severe symptomology, increased 
disability, and chronic trajectories [173].  
 
Patterns of depression during adulthood  
The incidence of depression is higher in adulthood than in adolescence [174]. During 
adulthood, depression appears to be associated with a range of social stressors [175] 
including unemployment or unrewarding job environments [176], marriage and the formation 
of families, which combine to increased stress and financial burden. Women are more likely 
than men to report physical and emotional stress-related symptoms because women in this 
life stage experience significant stress in balancing work and home life [177]. Perceived 
stress has been found to be associated with higher levels of depression [178]. However, 
depression during adulthood is also more likely to result in poorer psychological functioning 
and poorer interpersonal relationships that may affect employment and increase the risk of 
more involvement with substance abuse and an overall dissatisfaction with life [75, 179]. 
Anxiety is also common in adulthood [180]. People with persistent, that is chronic 
trajectories of anxiety, depression or co-morbid anxiety and depression tend to have poorer 
long term health outcomes [56, 57]. Deficits in social relationships as indexed by perceived 
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social isolation have been found to be associated with adverse health and fitness 
consequences at each developmental stage of life [181]. Depressive symptoms in adulthood 
are a well-established outcome of social isolation [182, 183]. Individuals who fail to find 
mate or choose to remain single, who are married but their relationships lack in trust, who 
experience poorer sleep due to loneliness and loneliness-related physiological dysfunction, 
have commonly been found to be associated with the development of depressive symptoms 
[184-186].  
 
Patterns of depression in women across their reproductive life course  
Women are at greater risk of developing depression between the ages of 18 and 45 years, that 
is across much of their reproductive life course [187], than are men. Biological, 
psychological, and social factors all contribute to the risk for depressive disorders. Hormones 
and neurotransmitters share common pathways and receptor sites in areas of the brain which 
are linked to mood, particularly through the hypothalamic-pituitary-gonadal axis [188]. 
Women who report episodes of depression associated with reproductive events, particularly 
pregnancy and menopause, may be more sensitivity to hormonal fluctuations. For many 
women becoming a mother may be a potentially emotional experience. The biological 
changes experienced during pregnancy can have a direct effect on the mother’s mood due, at 
least in part, to fluctuations of hormone levels which impact on mood [189]. The post-partum 
represents a period when there are abrupt decreases in the amounts of circulating oestrogen 
and progesterone. However, the role that hormonal influences play at this time is 
controversial. Some women also experience depression after pregnancy, that is, post-partum 
depression. In most cases this represents a continuation of depression, which has occurred 
before pregnancy [190, 191]. The incidence of depression increases significantly during the 
first three months after delivery [192, 193]. It then decreases after six months, with few 
changes up to a year after delivery [193]. Depression may further continue to decrease or 
stabilise [194] or in some women, may increase over time [195-197].  
 
There are social and psychological factors associated with pregnancy and the post-partum 
that are also likely to affect the experience of depression. Whereas the emotional benefits 
associated with giving birth may improve the mental health of some women [198] others 
have mixed feelings in terms of the impact on their work and recreational life and become 
exhausted due to lack of sleep, changes in normal daily life and changes in the relationship 
with their partner. These factors arguably constitute a form of stress that can have mental 
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health consequences for women [199-201] and it is more common in women who have 
previous experience of depression [197]. Many women perceive themselves to be stressed 
due to pregnancy and childbirth [202]. Perceived stress is often triggered by a particular 
situation or event that requires adaptation and includes pregnancy and childbirth [203]. It has 
been reported that women who are concerned about their parenting abilities, their baby’s 
health, their own physical discomfort and fear of giving birth are likely to have trouble eating 
or sleeping, they may feel depressed or hopeless all, or some of the time, or have other 
worrisome side effects during pregnancy and postpartum [204]. 
 
Women who are coping with other chronic life stressors may experience additional stress 
from their pregnancy [205]. Body image dissatisfaction during pregnancy, associated with 
changes in body size and image, can involve negative appraisal of their bodies increasing the 
risk of depression during pregnancy [206]. Although this stressor may decrease post-delivery, 
for some women body image dissatisfaction remains higher than pre-pregnancy [207]. 
Lifestyle factors (diet, physical activity, and smoking) can also have a significant impact on 
self-esteem, body image and dissatisfaction that affects mental health during pregnancy and 
the post-partum [208, 209]. Social support during the perinatal period has been found to be 
protective of postpartum depressive symptoms [210] and increases the feeling of parental 
efficacy [211, 212]. But pregnant women and new  mothers who do not perceive their social 
support to be adequate, may experience deleterious effects in terms of their psychological 
health and are at increased risk of depressive symptoms and of anxiety [213]. Several meta-
analyses have reported a link between low social support and postpartum depression [191, 
214, 215] and have highlighted the importance of supportive relationships for maternal well-
being during pregnancy and the postpartum period. 
 
The menopause transition signals the end of a women’s reproductive life. It is associated with 
decrease in the production of ovarian stimulating hormones and an increase in follicle 
stimulating hormones, and oestrogen as well as increased activity of the hypothalamus and 
pituitary [188]. Symptoms including vasomotor symptoms, insomnia and dysphoria are 
common. There is some evidence to suggest that women are at an increased risk of depressive 
symptoms during this period and at risk of new onset depression in women with no prior 
history of depression [216]. The most consistent psychosocial predictor of health and well-
being during the menopausal transition (MT) is stress [217]. There is a reciprocal relationship 
between stress and the menopausal transition as stress may exacerbate menopausal symptoms 
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and menopausal experiences may, in turn, influence the perception, experience of, and coping 
with stressful life events [218]. Women who experience longer MT and increased symptoms 
have higher stress, and were found to be at increased risk for depression [219]. 
 
Depression is prevalent across the life course and has been found to be  associated with a 
number of somatic and mental co-morbidities [220]. It is a phenomenon which can comprise 
a range of conditions including major depression, depressed mood, dysthymia (loss of interest 
and pleasure in life). It can be characterised as both a categorical and a dimensional 
phenomenon. The diagnosis of depression and the diagnostic criteria used impose potentially 
arbitrary cut-offs to what may be a continuum of symptomatology. To measure depression, 
self-reported and clinical-rated measures are commonly used, depending on the source of 
information. Clinically assessed depression, the gold standard, is more reliable compared 
with self-report because symptoms of depression are determined according to the definitions 
of the diagnostic criteria of either ICD-10 or DSM-IV [221]. There are number of clinician 
rating scales available, including the Hamilton Rating Scale for Depression (HAMD), or the 
Diagnostic Interview Schedule (DIS), these are widely used and are often viewed as the “gold 
standard”. Whereas, self-report questionnaires are relatively brief to measure compared with 
clinician rated measures and are widely used in population-based studies. Common measures 
include the Beck depression Inventory (BDI), and the Centre for Epidemiological Studies 
Depression Scale (CES-D). A combination of both procedures likely yields the most valid 
and comprehensive picture of a given patient’s mental health.    
 
2.5 The plausibility of an association between overweight, obesity and depression  
There are number of theories and a body of research, which suggest that overweight, obesity 
and depression may be causally linked and that these mechanisms operate across the life 
course.   
 
Childhood and Adolescence 
There are number of shared biological mechanisms linking overweight and obesity and 
depression. These include impaired glycaemic control [222], dysregulation of the 
hypothalamic–pituitary–adrenocortical axis [223], and neuroendocrine mechanisms via leptin 
melanocortinergic-BDNF signalling [224] all of which have  been implicated in the aetiology 
of both depression and obesity. However, genetic susceptibility may also potentially link both 
obesity and depression [225], although this is controversial [226]. In adolescence, social and 
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psychological factors are also likely to contribute to this association. For example, 
overweight and obesity in adolescence has been associated with stigmatization as well as 
weight based teasing or bullying that may in turn leads to depression [227, 228]. Change of 
appetite is a factor commonly associated with weight loss and gain. People, including 
adolescents with depression, appear to become increasingly inclined to choose foods that 
gives pleasure or comfort, not simply foods that meet the energy needs of the body [229]. A 
recent pilot study suggests an association between preference for a sweet taste and depression 
in obese patients [230] and that the response to this sweet taste is associated with elevated 
sensitivity to changes in mood [231]. It is also possible that an association between 
depressive symptoms and overweight is present in subtypes of depression. For example, 
atypical depression is characterised by increased appetite, excessive sleeping and binge eating 
disorder [232, 233] all of which could underlie later weight problems.  
 
Adulthood  
In adulthood, several plausible pathways have been proposed that may link overweight, 
obesity and depression. Physiologically, depression may cause an increase in weight over 
time due to neuroendocrine disturbances. It is evident that depression induces 
overweight/obesity through long-term activation of the HPA axis [234]. Cortisol, in the 
presence of insulin, inhibits lipid-mobilizing enzymes, a process mediated by glucocorticoid 
receptors that deposited fat especially in intra-abdominal visceral fat [235]. Shared genetic 
factors also potentially contributing to the development of each condition [236-238]. A recent 
study found a modest overlap between the glucocorticoid receptor gene, the corticotrophin 
releasing hormone receptor gene, the serotonin 2A and 2C receptor genes, and the dopamine 
receptor D4 gene, all of which are genetic risk factors that increase liability to both 
depression and overweight/obesity [239]. In addition, the use of antidepressants is known to 
possibly induce weight gain [240]. A large, nested, case-control study with a 4-year follow-
up reported that the users of anti-depressant medication (ADMs) were found to gain 
significantly more weight than nonusers [241]. Depression may also be associated with the 
adoption of an unhealthy lifestyle, for example, insufficient physical exercise and unhealthy 
dietary preferences, possibly leading to overweight and/or obesity.  
 
On the other hand, biologically, overweight and obesity represent a state of systematic, low-
grade inflammation that may also have neuropsychological effects. This may occur because 
overweight/obesity is a chronic or low-grade systemic inflammation, characterized by 
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elevated plasma levels of acute phase proteins, most notably C-reactive protein (CRP) and an 
increase in the pro-inflammatory cytokines interleukin-6 [242]. Studies examining the mental 
health effects of cytokines on healthy individuals suggest that inflammation can lead to 
depressive symptoms [243]. However, disturbances in the hypothalamic-pituitary-adrenal 
axis, immune functioning, and the serotonin/dopamine pathways in both conditions [223, 
244], raise the possibility that both depression and overweight/obesity are influenced by 
gene-by-environment interactions. The genetic link between obesity and depression was 
found in a recent mendelian randomization study where the fat mass and obesity associated 
FTO genotype was positively associated with mental disorder [245]. However, this finding 
has not been replicated [246, 247], even though a genetic study by Samaan et al. found a 
protective effect of obesity for the development of depression [248].  
 
Overweight and obesity are related to functional impairment which may worsen health-
related quality of life [86] and this impairment increasing as degree of overweight/obesity 
increases [85]. This may limit physical activity and is associated with the development of a 
range of chronic disorders, which are related to the development of depressive symptomology 
[187, 249]. A number of social, psychological and lifestyle mechanisms have also been 
causally associated with both overweight and obesity and depression. Stigma, for example, in 
relation to obesity can lead to discrimination and mistreatment which may have a negative 
impact on self-esteem, body image and social interactions can heighten depressive symptoms 
[134, 250, 251]. Repeated weight cycling may be an important mechanism causing 
depression in the obese, possibly due to a sense of failure [252].  Binge eating disorders 
commonly occur with overweight/obesity and are significantly related to psychological 
distress particularly in the weight-loss and treatment seeking person [253].  Recent evidence 
suggests that repeated dieting  is associated with depression and that repeated dieting failure 
may have a negative effect on mood [132]. In addition, sleep problems are often associated 
with overweight and obesity [254]  due to  a demotivation to exercise or to diet may also lead 
to depression. There is some  evidence that sleep problems and depression are also 
reciprocally associated [255].  
 
Women across their reproductive life course 
There are a number of factors that have been proposed as possible mechanisms linking 
obesity and depression in women during their childbearing years. These factors include 
biological changes for example, inflammation, HPA axis dysregulation, and the hormonal 
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changes that are associated with pregnancy, labour, and delivery [256, 257]. However, 
psychosocial factors related to poor body image and poor self-esteem may also influence the 
risk of both obesity and depression [258]. Previous research has reported that women 
commonly commence pregnancy with positive attitudes towards eating and weight gain [259, 
260]. They are however, expected to lose weight during the postpartum period. Failure to 
reduce weight can lead to negative cognitions that may ultimately lead to the development of 
depression [261]. Many women also encounter the problem of sleep dysregulation both 
during and after pregnancy [262], In addition, sleep problems are often associated with 
overweight and obesity [254]  due to a demotivation to exercise or to diet may also lead to 
depression. There is some  evidence that sleep problems and depression are also reciprocally 
associated [255].  
 
Menopause is significantly associated with visceral adipose tissue (VAT) and the effect 
appears to be mediated through sex hormone levels (for example higher bioavailable 
testosterone or lower sex hormone binding globulin) [263]. Women with abdominal obesity 
have both central and peripheral alterations in the HPA axis [264] and HPA dysregulation 
may be linked to depression.  
 
In summary, there are likely to be multiple biological, social and psychological mechanisms 
linking adiposity and depressive symptoms some of which may play a more important role in 
women than men. Individually, and together, overweight, obesity and depression contribute 
to the risk of cardiovascular disease and metabolic disorders, which remain the leading cause 
of morbidity and mortality in older Australian men and women.   
 
2.6 Evidence for the association between overweight, obesity and depression across the 
life course 
There is a plausible association between overweight, obesity and depression, a number of 
observational studies have examined the nature of this association across different stages of 
life course in terms of the direction and strength of association between these factors.  The 
following sections discuss what is known about these associations at different stages of the 
life course. 
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Evidence for an association between overweight obesity and depression in childhood and 
adolescence  
Adolescence is a critical period for the development of both physical and mental health 
problems [265]. Given the public health importance of obesity and depression, especially in 
children and adolescents, there has been considerable research examining the relationship 
between these two disorders [45]. Findings are mixed, and the direction of effect is not clear. 
In cross-sectional research, obesity has been found to be associated with an increased risk of 
depressive symptoms in children and adolescents [266-268] and most, but not all, 
longitudinal studies have found that depression in childhood is a risk factor for later obesity 
[269-271]. Some longitudinal studies of adolescents have found that obesity predicts 
depression but generally only in sub-groups defined by gender and these findings are often 
conflicting [271-273]. 
 
There are number of review studies based on prospective or retrospective longitudinal studies 
that have assessed weight status and depression in children and adolescents [274, 275]. Two 
of these reviews examined the association between obesity and depression. Incledon et al. 
[274] assessed the influence of psychological predictors in childhood and adolescence for the 
development of obesity in late adolescent. Depressive symptoms in obese male and female 
adolescents and a lack of self-esteem in relation to physical appearance in obese female 
adolescents were associated with greater than average weight gain. Vamosi et al. [275] 
reviewed the relationship between psychological factors experienced during childhood and 
the development of adult obesity. A lack of childhood care, childhood anxiety and learning 
difficulties were found to be associated with adult obesity. 
 
In terms of possible causal sequences, specifically depression leading to obesity, there are 
several systematic reviews and a meta-analysis that have used longitudinal studies 
comprising both child and adolescent samples. Liem et al. reported a positive association 
between depressive symptoms at age 6 to 19 years and overweight in later life based on four 
out of 11 studies [276]. However, a meta-analysis by Blaine et al. based on six prospective 
studies found that the association between depression and obesity was greater in adolescents, 
particularly females [277].  
Two reviews have assessed the bi-directional association between obesity and depression 
using childhood and adolescent samples [278, 279]. Korczak et al. found that obese female 
adolescents were more likely to develop depression in adulthood. Reciprocally, and again 
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mainly in female adolescents, depression was associated with a higher risk of being 
overweight in adulthood [278]. Muhlig et al. reported that three out of eight longitudinal 
studies found the association between obesity and subsequent depression only in female 
children and adolescents, and three out of nine studies reported provided evidence in favour 
of depression leading to obesity. Two studies reported significant results only for females and 
one describing significant results only for male children and adolescents [279].  
 
The current evidence provided by these reviews is mixed and not sufficiently consistent to 
permit definitive conclusions about the bi-directional association between depression and 
obesity in adolescence. All the reviews to date have compiled this evidence using a 
combination of data from both children and adolescents. One meta-analysis has attempted to 
quantify the reciprocal association between overweight, obesity and depression; however, the 
analysis was predominantly based on adult samples with only two studies primarily focussed 
on adolescent participants [280].  
 
Evidence for an association between overweight obesity and depression in adulthood 
The higher prevalence of obesity and depression in adulthood has led to a considerable 
increase in research exploring their relationship. Accordingly, community studies have 
examined this association and found either positive [281-283] or negative [284, 285] or no 
association [286, 287] in both cross-sectional and longitudinal investigations. Considering 
obesity leading to depression, a recent review study from five Middle Eastern countries 
suggested a positive association between obesity and depression based on eight cross-
sectional and case-control studies [288]. This result was supported by a meta-analysis by de 
Wit et al. based on 17 cross-sectional studies with a total of 204,507 participants [289]. 
However, a recent review based on prospective data by Atlantis et al. reported only weak 
evidence of obesity predicting depression [290]. Overall, the results of these studies remain 
inconsistent. Several studies (one review and one meta-analysis) have examined the bi-
directional association between obesity and depression using prospective data. The review 
reported evidence that obesity is prospectively associated with increased depression and with 
less consistent evidence for depression leading to obesity [291]. Similar results were obtained 
in the meta-analysis by Luppino et al. [280]. Both these studies provide evidence for a 
reciprocal association between overweight, obesity and depression, however, both have also 
combined adult and adolescent samples. The strength and direction of the association 
between overweight, obesity and depression in adults remains inconclusive.      
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Evidence for an association between overweight obesity and depression in women across 
their reproductive life course 
As noted earlier, depression is more common in women than men and the onset of depression 
commonly occurs in either late adolescence or early adulthood [292]. However, a large 
number of women are also overweight and obese, although in Australia overweight and 
obesity are more common in men [293]. The evidence reviewed in the earlier parts of 
literature review indicates that gender is an issue and it appears to be that women are at 
increased risk of overweight, obesity and depression.  
 
A recent review and meta-analysis by Molyneaux et al. provided evidence that women who 
are obese during pregnancy have higher odds of elevated depression in both the antenatal and 
in short term postpartum periods [294]. They also found higher odds of experiencing anxiety 
during pregnancy in obese women compared with normal weight women. The results of the 
study do not provide a prospective link because the association was defined by combining 
both longitudinal and cross-sectional studies. A recent review by Milgrome et al. examining 
whether depression leads to obesity, found that there was no association between either 
antenatal or postnatal depression and later obesity [295]. Existing evidence indicates that 
obesity leads to depression; however, the evidence for depression leading to obesity and any 
bi-directional link in terms of strength and direction is unclear. The longer term association 
between overweight, obesity and depression across the reproductive life course of women 
remains unknown.                           
 
Weight gain and mental health symptoms are common around gestation; they share a 
bidirectional relationship whereby each health condition is a risk factor for the other. Recent 
review studies have found a link between psychological factors including depression, anxiety 
and body image dissatisfaction with excess weight gain during pregnancy [131, 296, 297]. A 
recent cross-sectional study investigated the link between excess GWG and depression and 
found an inverse association between GWG and post-partum depression but this association 
was found only in obese women [298]. There is a lack of prospective evidence for an 
association between excess GWG and depression.  
Depression is commonly regarded as a chronic, episodic illness [299]. Depression in women 
is highly prevalent during their reproductive years and reproductive events during and after 
pregnancy may play a role in the development of persistent depression. There are only two 
longitudinal studies that have examined the association in mid aged women using repeatedly 
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measured depression and obesity, over the long term [300, 301]. These studies have 
examined the cumulative or chronic effects of depression on obesity but have not examined 
the effect that severity and the timing of that depression has on this association. It is not clear 
whether chronicity, severity and timing of depression are likely to cause concern for the 
development of overweight and obesity.  
 
2.7 Research gap 
The accumulation of evidence from observational studies to date has shown that our 
understanding of both the uni and bi-directional association between overweight, obesity and 
depression across the adolescence and adult life-course remains inconsistent in terms of 
strength and direction. Although cross-sectional studies have found a positive association, the 
major limitation of this study design is its inability to determine cause and effect. 
Longitudinal or prospective studies that have examined the association between these 
disorders have also reported mixed results. Although there are number of meta-analytic 
studies that have attempted to quantify the strength and direction of association between 
overweight, obesity and depression as yet this is unclear because of  methodological  issues, 
and the limitation of statistical models that are unable to control the methodological 
heterogeneity across the studies. Despite the fact that women are more prone to depression 
and commonly experience overweight and obesity as they age, relatively little research has 
focused on the association between obesity and depression across their reproductive life-
course. Results of the existing studies have investigated the link but predominantly only in 
the short term with inconclusive results.   
 
2.8 Rationale for the study   
Overweight, obesity and depression all appear to be chronic conditions; it is likely that 
enhancing our understanding of the nature of any long term associations will also enhance 
our ability to intervene early in their natural history to mitigate the adverse effects of these 
disorders with later cardiovascular and other diseases. 
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Chapter 3: General Methodology  
3.1 Introduction  
This study utilised data from different sources and used a range of statistical methods to 
address the study objectives. For the two reviews and meta-analyses (Objectives 1 and 2), the 
sources of data and methods used are described in this chapter. For the remaining objectives 
(Objectives 3, 4 and 5), this study used data from each completed follow-up of the Mater, 
University of Queensland Study of Pregnancy (MUSP) from pregnancy to 27 years post-birth 
to examine the associations between depression, overweight and obesity in women over their 
reproductive life course. A detailed discussion of methods and materials, participants in the 
study, follow-up phases of the study, measurement of variables and statistical analyses 
follows.  
      
3.2 Systematic reviews and meta-analyses  
For the systematic reviews and meta-analyses, comprehensive, systematic, computerized 
literature searches were undertaken using Pubmed (including Medline), PsycINFO, Embase, 
CINAHL, BIOSIS Preview and the Cochrane Library databases. The specific key words used  
related to each of the two manuscripts and was for a specific time period. Based on inclusion 
and exclusion criteria, a standard data extraction form was used to collect the secondary data 
from the literature through systematic reviews [1]. To conduct each study, the standard 
operating guidelines set out in the Meta-analysis of Observational Studies in Epidemiology 
(MOOSE) [2] and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) were followed [3]. For the meta-analyses, a quality effect (QE) model was used to 
perform bias adjusted analyses to estimate the pooled effect size [4-6]. The QE model is the 
only model currently available that allows empirical bias adjustment of observational studies. 
We used this in lieu of the random effects (RE) model [7] because the methodology 
associated with the RE model, according to the authors of the QE model, has limitations to 
the extent that, even in standard meta-analyses, there is a lack of interpretability of an RE 
summary [8]. Use of the RE model requires assumptions that are unlikely to be valid in 
practice. Most notably, the RE analysis is based on the premise that the trials performed are 
representative of some hypothetical population of trials, and that the heterogeneity can be 
represented by a single variance. We took the approach in this paper that when heterogeneity 
has been detected, there is a strong case for investigating its possible origin, and 
redistributing the weights based on such a determination [9]. Heterogeneity was determined 
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to be present when the value of 2τ was greater than zero and/or the Q-statistic was significant 
at a p < 0.10 [10].  
 
Analysis of the Systematic reviews and meta-analyses 
Objective 1 and Objective 2: Systematic review and meta-analysis  
As noted above, a quality effects (QE) model was used instead of the traditionally used 
random effects (RE) model [4-6]. By using this model, between-study variability was 
adjusted by incorporating a relevant component (quality of the study) that differs between 
studies in addition to the weight based on intra-study differences. To assess the quality of 
each individual study a quality scoring instrument was devised based on standard bias criteria 
for observational studies with consideration given to factors that might result from design-
specific bias, selection bias, adjustment of potential confounders, information bias, and 
analytical methods [23]. According to the standard procedure quality scoring was done by 
two independent reviewers. Any disagreement in these scores was resolved by consensus and 
each item that was not deficient was given a point. These were then summed into a univariate 
quality score. The score lies between 0 and 1.  
 
As part of a meta-analysis, analysis of the effect of potential unpublished studies was 
undertaken to evaluate the robustness of the meta-analysis. The funnel plot asymmetry was 
checked. However, Eggers regression was also computed and considered the studies were 
considered to be asymmetrical if the intercept of Egger’s regression deviated from zero with 
P< 0.10 [24]. All the computation in relation to the meta-analysis was done using MetaXL 
software version.2 (www.epigear.com) [25]. 
 
3.3 The Mater University Study of Pregnancy (MUSP) 
The sample and participants 
The Mater-University of Queensland Study of Pregnancy (MUSP) is a longitudinal birth 
cohort study which began to recruit pregnant women in January 1981 continuing until 1983 at 
the Mater Misericordiae Hospital (MMH) in Brisbane, Queensland. Pregnant women 
attending for their first antenatal visit (at approximately 18 weeks’ gestation) at the Mater 
Hospital were invited to participate in the study [12, 13]. Over a period of three years 
(between January 1981 and December 1983), 7,816 consecutive women were approached and 
invited to complete prenatal assessments. Of those women, approximately 99% women 
agreed to participate in the study. A number of women were lost to follow-up between 
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enrolment and birth, due primarily to miscarriage, attending another hospital for the birth, 
death of the mother or child and adoption. The resulting baseline cohort for the mothers 
comprised 6753 women who gave birth to either a live singleton baby or to live multiple 
babies at the study hospital. The study has successively followed-up these women at eight 
points in time (see Table 3.1), collecting over 2000 items of data including socio-
demographic characteristics, lifestyle, mental health and wellbeing, physical health and 
anthropometry [13]. The last completed data collection for these women was in 2011 and is 
referred to as the 27 year follow-up. Over the follow-up periods attrition has occurred 
reducing the cohort participants to 3561 women at the 27 year follow-up, (see Table 3.1).  
Approval for each follow-up was obtained from the University of Queensland and the Mater 
Misericordiae Hospital institutional ethics committees where relevant. Informed consent was 
obtained from all participants at each phase. 
 
Table 3. 1 : Number (%) of participant at each phase of the MUSP cohort study 
Follow-ups Year Participants of the study 
First clinic visit (FCV) 1981-84 6753 
3-5 days after birth 1981-84 6753 
6 months after birth  1981-84 6274 (92.7) 
At 5 years 1986-88 4911 (72.7) 
At 14 years 1995-97 4609 (68.3) 
At 21 years  2001-04 3754 (55.6) 
At 27 years 2008-10 3561(52.7)  
 
Phases of the MUSP study  
After obtaining informed consent, at the first clinic interview (FCV) data were obtained 
regarding the respondent’s demographic characteristics, socio-economic status, and mental 
and physical health, lifestyle and behaviour during pregnancy. The second phase of the data 
collection was undertaken using a 103-item questionnaire administered to women’s between 
the 3rd and 5th day postpartum. The women’s past medical history is regarded as phase 3 of 
data collection, while details of the current birth constituted phase 4. Subsequently, a 103-
item posted questionnaire was completed at six months after delivery (phase 5). The next 
follow-up was conducted five years after the birth, at which time the women completed a 
227-item questionnaire including separate sections for the child and for themselves. Both 
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women and children were contacted for further follow-up at 14 years after birth. At this 
phase, the women were again asked to provide information regarding their family and also 
themselves. For the 21-year follow-up, extensive information was reported by the women in 
relation to their health, lifestyle, behaviour and social factors as well as anthropometric data. 
The most recent follow-up phase for these women was at 27-years after child birth and in this 
phase women’s mental health was extensively investigated using two measures, the 
Delusions-Symptoms-States Inventory: State of Anxiety and Depression (DSSI-SAD) which 
has been used at each phase of the study and the Composite International Diagnostic 
Interview (CIDI). Physical health, lifestyle, behaviour, social factors and anthropometric data 
were also collected.  
 
Measurement of variables: outcomes and exposures  
Depression: pregnancy to 27 years follow-ups 
Depression was measured at each follow-up from FCV using the seven-item depression 
subscale from the Delusions-Symptoms-States Inventory: State of Anxiety and Depression 
(DSSI/SAD) [14]. These seven items are not equivalent to a clinical diagnosis of depression 
but identify symptoms of psychopathology that limit a person’s capacity to function and to 
maintain relationships. The DSSI has good internal validity [14, 15] comparing well with 
other hierarchical models of psychiatric illness [16]. Comparisons of the DSSI/SAD with the 
Edinburgh Postnatal Depression Scale (EPDS) and the Hospital Anxiety and Depression 
Scale (HADS) show that these measures share some common items and that these three 
measures correlate well with each other [17].  
 
Each of the seven DSSI/depression items has a 5-point response option (never, rarely, some 
of the time, most of the time, or all the time) scored from 1 to 5, providing a total score range 
of 7–35. The higher the score, the more symptoms of depression the respondent experiences. 
The Cronbach’s alpha for the scale ranged from 0.79 to 0.88. In this study, women with a 
total score >1 pooled standard deviation (1SD) above the mean were considered to be 
depressed.  
 
At the 27 year follow-up, the Composite International Diagnostic Interview (CIDI-Auto) was 
also used to assess depression [18]. The CIDI was administered via the World Health 
Organization World Mental Health-Composite International Diagnostic Interview CAPI 
Modularization Program (WHO WMH-CIDI CAPI, version 21.1.3). Using the following 
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CIDI measures: onset, current, last 30-days, last 12-months and lifetime, prevalence of 
mental health symptoms were diagnosed according to the DSM-IV disorders [18]. The CIDI 
has been reported to have acceptable validity when compared with clinicians’ diagnoses, with 
overall agreement similar to comparisons between the paper-and-pencil CIDI and clinician 
diagnoses [19]. The CIDI summary outcomes (any depressive or anxiety symptoms) were 
calculated as a positive diagnosis across a range of DSM-IV diagnoses. The term ‘‘any 
depressive or anxiety symptoms’’ indicates the presence of at least one symptom. For this 
study, onset, last12 months and lifetime CIDI depression were used. Co-morbid depression 
and anxiety was also constructed for this study and this is outlined in chapter 6.   
 
Table 3. 2: Number of participants with available information on depression at each data 
collection phase of MUSP (using DSSI/SAD) 
Follow-up phases Participants  Depression  
First clinic visit 6753 6619 
3-5 days after birth 6753 6736 
6 months after birth  6274  6238 
At 5 years 4911 4824 
At 14 years 4609 4604 
At 21 years  3754 3676 
At 27 years 3561 3485 
 
Body mass index (BMI), Waist circumference (WC) and Waist-hip-ratio (WHR)  
Women’s height and weight data were measured at three time points: that is, pre-pregnancy 
and at the 21 and 27 years follow-ups. During the first visit for antenatal care, women 
provided their self-reported weight; in addition their weight and height were also measured. 
A strong correlation between self-reported and measured weight was found (Pearson’s 
correlation coefficient = 0.95). At both the 21 and 27 year follow-ups, women’s height was 
measured without shoes using a portable stadiometer to the nearest 0.1 cm. Weight was 
measured in light clothing with a scale accurate to 0.2 kg. Two measures of weight and height 
were taken with a 5-minute interval, and the mean of these two measures was used in all 
analyses. Based on these weight and height data at three different time points, BMI (weight in 
kilograms divided by the square of height in meters, i.e. kg/m²) was calculated. However, at 
27 years, WC was also measured. This was done by measuring horizontally, using a tape 
(provided by Sullivan’s Haberdashery & Craft Wholesalers, Australia), and roughly in line 
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with the participant’s navel or belly button, directly against the skin without compressing the 
skin. The measure was taken twice and an average of these two measures was used. 
Similarly, at 27 years, hip measurements were also taken from the point of greatest width of 
each participant. The hip was measured twice and the average of these two measures was 
calculated.     
 
For the purpose of this study, BMI, WC and WHR were categorised following WHO 
guidelines [20]. BMI was classified into normal (BMI<25 kg/m²), overweight (BMI = 25–29 
kg/m²) and obese (BMI ≥30 kg/m²). WC was categorised as : <80cm as normal, 80-<88cm as 
overweight and ≥88cm as obese. Similarly, WHR was categorised into: <0.80 as normal, 
0.80-<0.85 as overweight and ≥0.85 as obese.   
 
Table 3. 3: Number of participants with BMI, WC and WHR data at different phases of the 
study  
Follow-up phases 
BMI WC WHR 
N Mean (SD) N Mean (SD) N Mean (SD) 
Pregnancy  6221 21.8 (4.19) - - - - 
At 21 years  3588 27.6 (6.17) - - - - 
At 27 years 2086 29.3 (6.67) 2065 92.0 (14.8) 2061 0.84 (0.07) 
 
Gestational weight gain (GWG) and postpartum weight retention (PPWR) 
Gestational weight gain was calculated by deducting maximum measured weight during 
pregnancy from women’s self-reported pre-pregnancy weight. The maximum weight during 
pregnancy was abstracted from the medical chart by an obstetrician associated with MUSP. 
For this study, women’s total gestational weight gain was categorised using the IOM 1990 
(which combines categories of pre-pregnancy BMI and weight gain categories) recommended 
categories of GWG – adequate, inadequate and excess weight gain [21]. Detail description of 
these weight gain categories is presented in Table 3.4. 
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Table 3. 4: 1990 IOM guidelines for weight gain and rate of weight gain during pregnancy 
for women with singleton foetuses. 
Pre-pregnancy weight-for-height category Total weight gain (lb) 
Underweight (BMI < 19.8 kg/m2) 28-40 
Normal (19.8–26.0 kg/m2) 25-35 
Overweight (>26.0–29.0 kg/m2) 15-25 
Obese  (≥ 29.0 kg/m2) ≥ 15 
• BMI- body mass index 
 
Women’s postpartum weight retention at 27 years after child birth was defined by deducting 
measured weight at 27 years from their self-reported pre-pregnancy weight (determined at the 
first antenatal visit). For the purpose of this study, PPWR was defined as the relative change 
in weight retention. More details about these measurements are described in the methods 
section of chapter 6.   
 
Covariates  
At the first clinic visit data on age, race, parity, income, level of education, and marital status 
were collected. The age of the women was assessed at entry to the study (mean = 24.5, 
minimum = 13, maximum = 49 years). In this thesis, age was divided into three categories, 
13 to 19 years, 20 to 35 years and 35 years or older at the child’s birth. At the first clinical 
visit, the women were asked about their ethnic/racial origin and responses were categorised 
on the following basis- White, Asian or Aboriginal/Islander. The level of a women’s 
education at entry to the study was assessed from her response to the question “At what level 
did you complete your education?” The options in the questionnaire were: 1- opportunity 
school, 2- primary school, 3- started secondary school, 4- completed grade 10, 5- completed 
grade 12, 6- college, 7- university, and 8- others (please specify). Answers were categorised 
into three groups: incomplete high school, completed high school, and tertiary education. 
Women were asked about their marital status, with the range of responses being: married, 
single, living together (de-facto relationship), separated, divorced, and widowed. Given the 
very small number of separated, divorced, or widowed women at each phase of the study, 
these responses were all collapsed into a single category (S/D/W). Gross family income was 
ascertained at each phase of the study by asking the women, “On the list below, could you 
circle the number closest to your whole family income including spouse’s income, child 
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endowment, etc. Total family income information at first clinical visit was categorise into 
two groups - AUS $10,400 or less and AUS $10,400 or more. 
 
Lifestyle information was also collected at first clinic visit, this included information on 
women’s smoking status, alcohol consumption, physical activity and television watching. For 
smoking, women’s were asked, “How many cigarettes did you usually smoke per day during 
the past 1 week?” and the responses were categorized as: none, 1–19, or 20 or more cigarettes 
per day. Similarly, women’s pattern of alcohol consumption before pregnancy was gathered 
by asking “How much alcohol did you usually drink before pregnancy?” According to the 
response alcohol consumption was grouped into abstainer, light drinker and 1+ serve per day. 
Physical activity in this phase was categorised as: often, sometimes and never. TV watching 
patterns were based on the number of hours of viewing TV. This was then categorised as:  
<1hours/day, 1-3hours/day, 3-5hours/day and more than 5hours/day. 
  
Additional clinical data, including hypertensive disorders of pregnancy, was also collected. 
At birth, women reported whether they had experienced pre-eclampsia during pregnancy. 
Hypertensive disorders in pregnancy were diagnosed at birth by a consultant obstetrician and 
defined as a diastolic blood pressure >90 mm Hg on ≥2 occasions beyond 20 weeks gestation 
associated with proteinuria and/or excessive fluid retention (defined as generalized oedema 
including the face and hands and excessive weight gain) [22]. 
 
At six month postpartum, duration of breastfeeding was recorded and for subsequent analyses 
it was categorised as: never, <4 month, or ≥4 month. Menopausal status at 27 years was 
defined based a series of four questions. Women were asked about their last period (i.e. the 
women were asked, “When did you have your last period?” with the following response 
options: “in the last month, last 3 months, between 3 and 11 months, or 12 months ago or 
longer”) and pattern of periods (i.e. the women were asked, Do you have irregular periods? 
with the following response options - heavy/light or shorter/longer periods?). The women 
were also asked whether they ever have had surgery to remove their uterus (hysterectomy) or 
two ovaries. Combining these questions, menopausal status at 27 years was defined as: pre-
menopausal, peri-menopausal, post-menopausal and surgical menopausal.  
 
56 
 
3.4 Analyses of the MUSP data 
The aim of the present investigation was to examine the association between depression and 
obesity over women’s reproductive life course. Primarily, cross tabulations and chi square 
tests for categorical and t-test/F-test for continuous variables were used to examine the 
patterns of univariate associations between related covariates depression and obesity. 
Secondly, a series of regression models were used to test these associations. Specific, detailed 
information about the statistical analyses used in each section of the thesis are provided in the 
Methods section of each chapter. The following paragraphs provide general information 
about the statistical analyses used in the study. It also further describes how the issue of loss 
to follow-up was addressed to assess validity and generalizability of the findings of the 
present study.  
 
Objective 3: Investigate the longitudinal association between gestational weight gain and 
postpartum weight retention with anxiety and depression among women at 27 years after 
child birth 
Exposures: Gestational weight gain and postpartum weight retention   
Outcome: Anxiety and depression at 27 years postpartum  
Summary: Chi-square tests were used to measure the strength of association of the 
categorical variables. We used multi-variable generalized linear models with Poisson 
regression to examine the extent to which gestational weight gain (by IOM categories) and 
postpartum weight retention (categories) were associated with the development of anxiety 
and depression at the 27 years follow-up. A series of models were used to test the difference 
in outcome with the adjustment of covariates. 
 
We conducted a sensitivity analysis to examine the temporality of the association between 
GWG, PPWR and lifetime anxiety and depression by excluding those women whose onset of 
anxiety or depression occurred before the index pregnancy. All the effect estimates were 
presented as relative risks with 95% confidence intervals. Details are presented in the 
statistical analysis section of the manuscript in Chapter 6. 
 
Objective 4: Examine the association between the chronicity and severity of depressive 
symptoms with overweight and obesity among women 27 years after childbirth.   
Exposure: Chronicity and severity of depressive symptoms from pregnancy to 21 years after 
pregnancy  
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Outcome: BMI and WC and overweight and obesity in term of BMI and WC at 27 years 
postpartum 
Summary: The Student t-test and Chi-squared test were used to compare the characteristics of 
those women who did and did not provide information about BMI and WC at the 27-year 
follow-up. To estimate the association between exposures and outcomes, linear and 
multinomial logistic regression was used. Initially we used an unadjusted model and then 
adjusted further using the potential confounders to assess the relationship between severity 
and chronicity of depression with each outcome. An additional regression analysis was 
undertaken to examine whether chronicity and severity of depression might interact in their 
prediction of BMI and WC. To better interpret this interaction and to counteract the potential 
collinearity, we examined the association between chronicity and severity of depression and 
their interactions in four non-overlapping comparison groups with BMI and WC related 
overweight and obesity at 27 years by using linear and multinomial logistic regression. To 
increase the statistical precision, all the multivariable analyses were conducted using the 
multiple imputation data. Details are presented in the statistical analysis section of the 
manuscript in Chapter 7. 
 
Objective 5: Investigate timing of depression and risk of overweight and obesity more than 
two decades after child birth.   
Exposure: Women’s experience of depressive symptoms around pregnancy and child rearing 
period  
Outcome: Overweight and obesity measured as BMI, WC and WHR at 21 years postpartum  
Summary: The univariate associations between overweight and obesity based on BMI, WC 
and WHR at 21 years after child birth are presented by the women’s demographic 
characteristics. A series of multinomial logistic regression models were then used to assess 
the associations between depressive symptoms experienced around pregnancy and the child 
rearing period with the risk of becoming overweight or obese 21 years later. Finally, using a 
series of multinomial logistic regression models, we further examined the association 
between the patterns of depression over these two periods with overweight and obesity at 21 
years by taking into account the potential confounders. Details are presented in the statistical 
analysis section of the manuscript in Chapter 8. 
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Statistical approaches used to deal with sample attrition 
Drop-out is frequently a problem in studies with human participants and is even more of a 
concern in longitudinal studies with repeated follow-ups. The number of subjects for whom 
the data set is incomplete often increases progressively during the study. This loss to follow-
up can seriously reduce the generalisability of the findings as the subjects lost to follow-up 
are usually not representative of the whole study group. In MUSP, missing data due to 
attrition or loss of participants as well as item non-response have been observed throughout 
the follow-ups and that can inevitably lower study power resulting in less precise and 
possibly biased estimates [26-28].  
 
Multiple imputations analysis 
In this thesis multiple imputations were used to adjust for missing data [26]. They were used 
to impute for the missing values on study covariates. An imputation model was devised using 
the recommendations of Van Buuren et al. [27]. The model included all of the predictor 
variables excluding the outcome. The data on covariates were assumed to be ‘missing at 
random’ [28]. The imputation of the missing data based on the percentage of missing on 
covariates [29]. The proportion of missing data ranged from 0% to 20% for all variables. For 
each of the completed datasets, a logistic regression was performed (inclusion of all predictor 
variables without outcome), from which the estimate of interest and its estimated variance 
was obtained. The results from the logistic regression modelling of the different datasets were 
combined using the rules given by Rubin to produce a multiple imputation estimate [30]. This 
was performed in Stata version 12.0 (Stata Corporation, College Station, TX, USA). The 
relationship between ‘missingness’ (yes vs no) and the predictor variables was assessed using 
logistic regression. These were then compared to the results of the non-imputed analyses. 
Detailed explanations of this method are described in the following chapters.  
 
In this thesis multiple imputations was used to adjust for missing data but the loss of outcome 
of interest in successive follow-ups has reduced the study sample size which may affect the 
generalisability and robustness of the findings. To examine the possible effects of attrition 
over follow-up on the validity of the results, logistic regression was used to determine 
weights for each individual using the inverse-probability of response [34]. The assumption 
was that the missing and observed distributions of outcome variables were identical, 
conditional on the predictor factor. Response and non-response categories were defined using 
the following inclusion criteria - a responder was a woman whose data were available for 
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previous follow-ups of the study while a non-responder was any other women in the overall 
cohort (as recruited at the beginning of MUSP). The individual weighting factor for each 
covariate associated with loss to follow-up (its inverse probability) was used as a sample 
weighting adjustment in subsequent logistic regressions. In several statistical analyses for 
significant explanatory factors, the results from the inverse probability weighted analyses did 
not differ from the unweighted analyses presented later in this thesis, suggesting that our 
results were not substantially affected by selection bias due to loss to follow-up. 
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Chapter 4: The association between depression and obesity in adolescent males 
and females  
 
4.1 Context 
The first objective of this thesis was to investigate the prospective association between 
depression and obesity in adolescents. Adolescence has been identified as an important stage 
in the life course and is an important period for the development of both obesity and 
depression (1). Considering the increasing prevalence of obesity and depression at this life 
stage, the possible association between these two disorders has been examined in a number of 
recent studies and reviews (2). Based on the evidence available females appear to be at higher 
risk of both depression and obesity than are males, but the magnitude of risk remains unclear. 
Thus there remains a lack of evidence about the nature and direction of any association that 
exists between obesity and depression during adolescence and the effect that gender may 
have on that association.   
 
The following study is a systematic review and meta-analysis. Data from studies that reported 
on the association between depression and obesity in adolescent samples were compiled and 
analysed. In this systematic review the exact pooled effect size was estimated using a more 
robust method (a quality effect model) than is commonly used. This method also provided an 
efficient approach to managing any methodological deficiencies associated with the included 
studies. The research presented in this chapter found that the association between obesity and 
depression was statistically significant regardless of direction (that is, whether it was from 
depression leading to obesity or from obesity leading to depression). When stratified by 
gender, this bi-directional association was evident for both males and females. It also showed 
that the association from depressions leading to obesity was greater than that of obesity 
leading to depression for females in early adulthood compared with females in late 
adolescence.       
     
The findings reported in this study suggest that preventive efforts early in the life course may 
decrease the prevalence of both disorders in adolescence.  
 
This Chapter forms a published manuscript. The formal citation for this published work is:  
Munim Mannan, Abdullah Mamun, Suhail Doi and Alexandra Clavarino Prospective 
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Abstract  
Adolescent obesity and depression are increasingly prevalent and are currently recognised as 
major public health concerns worldwide. The aim of this study is to evaluate the bi-
directional associations between obesity and depression in adolescents using longitudinal 
studies. A systematic literature search was conducted using Pubmed (including Medline), 
PsycINFO, Embase, CINAHL, BIOSIS Preview and the Cochrane Library databases. 
According to the inclusion criteria, 13 studies were found where seven studies evaluated 
depression leading to obesity and six other studies examined obesity leading to depression. 
Using a bias-adjusted quality effects model for the meta-analysis, we found that adolescents 
who were depressed had a 70% (RR 1.70, 95% CI: 1.40, 2.07) increased risk of being obese, 
conversely obese adolescents had an increased risk of 40% (RR 1.40, 95% CI: 1.16, 1.70) of 
being depressed. The risk difference (RD) of early adolescent depression leading to obesity is 
3% higher risk than it is for obesity leading to depression. In sensitivity analysis, the 
association between depression leading to obesity was greater than that of obesity leading to 
depression for females in early adulthood compared with females in late adolescence. 
Overall, the findings of this study suggest a bi-directional association between depression and 
obesity that was stronger for female adolescents. However, this finding also underscores the 
importance of early detection and treatment strategies to inhibit the development of reciprocal 
disorders.    
 
Introduction   
Adolescence is a critical period in  human life because  of the multiple  changes which occur 
during this life stage [3]. Obesity and depression are more common during this period and 
there is an increasing likelihood of the simultaneous occurrence of these disorders [2, 4]. This 
increased vulnerability to both depression and obesity in adolescence suggests a possible bi-
directional association [5, 6]. There are several possible mechanisms linking depression and 
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obesity including behavioural and lifestyle factors as well as biological and genetic factors. 
Adolescents, who are depressed, may change their appetite and dietary patterns resulting in 
weight gain or loss [7], are more inclined to favour carbohydrate rich food which provide 
pleasure or comfort [8], increase sedentary activity [9], are vulnerable to disordered sleeping 
[10], and are at greater risk of binge eating [11, 12]. These factors may lead to an increased 
risk of obesity. Adolescents who are obese may experience stigmatization [13, 14], poor body 
image and low self-esteem [15] increasing their vulnerability to depression [16]. Their 
behaviours and lifestyle, particularly poor dietary habits and sedentary activity in terms of 
reducing physical activity as well as disordered sleep may also contribute to depression [17-
19]. There are also a number of shared biological mechanisms including inflammation [20, 
21], impaired glycaemic control [22], dysregulation of the hypothalamic–pituitary–
adrenocortical axis [23], and neuroendocrine mechanisms via leptin melanocortinergic-
BDNF signalling [24] that have been implicated in the aetiology of both depression and 
obesity. Genetic susceptibility may also potentially link both obesity and depression [25], 
although this is controversial [26].  
 
There have been two systematic reviews [27, 28] and one meta-analysis [29] using 
prospective or retrospective longitudinal studies that have assessed weight status and 
psychiatric symptoms in children and adolescents with a particular emphasis on depression. 
A review by Incledon et al. assessed the influence of psychological predictors during 
childhood and adolescence on the subsequent development of obesity. They found that 
depressive symptoms in obese male and female adolescents was associated with a greater 
than average weight gain [27]. Liem et al. also reported a positive association between 
depressive symptoms between  ages 6 to 19 years and overweight in later life [28]. However, 
a meta-analysis of prospective studies found  that the association between obesity and 
depression was greater in adolescents, particularly females [29]. The bi-directional link 
between obesity and depression has been assessed by two recent reviews [30, 31]. Korczak et 
al. found a reciprocal relationship between depression and obesity again, primarily for 
adolescent females. They found that obese adolescent females have a greater risk of 
experiencing depressive symptoms in adulthood, and that in female adolescents, depressive 
symptoms are associated with a higher risk of obesity in adulthood [30]. The findings 
reported by Muhlig et al. were mixed - three out of eight longitudinal studies reported 
associations between obesity and subsequent depression in female children and adolescents 
only, and three out of nine studies provided evidence for depression leading to obesity with 
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two studies reporting significant results only for females and one only for male children and 
adolescents [31].  
 
Altogether, the evidence from existing studies is mixed. The current reviews have compiled 
this evidence using data from both children and adolescents. Therefore, based on the 
available evidence it is difficult to determine whether or not there is an association between 
depression and obesity in adolescents. In most of the studies reported the association between 
these two disorders is significantly modified by gender whereby females are at higher risk 
compared with males [32]. However, the magnitude of risk of obesity and depression for 
adolescent males and females is yet undetermined.  
 
To the best of our knowledge, there are currently no systematic reviews or meta-analyses that 
have used data only from longitudinal studies in order to quantify the bi-directional link 
between obesity and depression. Moreover, previous meta-analyses have used conventional 
methods that do not consider the strengths and weaknesses of individual studies, therefore, 
these analyses have been unable to investigate the effect of various methodological 
deficiencies on the pooled estimates [33-35]. In addition, none of the previous studies have 
measured the impact (i.e. excess risk) of any associations on public health. 
 
In this systematic review and meta-analysis, we quantitatively examine the evidence from 
longitudinal studies only, and attempt to provide a more rigorous assessment of the direction 
and magnitude of the association between obesity and depression in adolescence by gender. 
Here we are using more robust methods - the quality effect model (QE) developed by Doi and 
others [36-38] to handle the methodological heterogeneity of the studies included in our 
review.  
 
Materials and methods 
This study was performed following the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement for reporting systematic reviews and meta-analyses 
[39] (detailed in Table S4.1 PRISMA checklist) .  
 
Search Strategy  
We carried out a comprehensive, systematic, computerized literature search using Pubmed 
(including Medline), PsycINFO, Embase, CINAHL, BIOSIS Preview and the Cochrane 
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Library databases for the period 1961 to January, 2015. We searched for articles examining 
the association between depression and obesity in adolescence. References from the relevant 
literature were then hand searched and used to identify additional relevant studies. The search 
strategy is determined by combining the following key words and medical subject headings 
for adolescence: depression, depressive disorder, depressive symptoms, major depression, 
metabolic syndrome, overweight, obesity, adiposity, body mass index (BMI), intra-abdominal 
fat, waist-hip ratio, and waist circumference.    
 
Inclusion and exclusion criteria 
Using the PICOS criteria (Table S4.2) studies were included if they (1) were published in the 
English language; (2) examined the prospective association between obesity and depression 
or vice versa; (3) contained extractable effect estimates (for depression or obesity) overall or 
separately by  gender ; (4) had a follow-up period of at least 1 year; (5) used a community or 
population based sample and; (6) used standardized cut-offs for BMI [40] and assessed  
depression either clinically or using rating scales based on symptoms. We excluded studies 
that (1) were published in languages other than English; (2) were case reports, qualitative 
reports, comments, letters and reviews; (3) did not report information pertinent to the key 
clinical questions and (4) defined weight gain or loss/change using criteria other than BMI 
categories or in which the assessment of depression was unspecified.  
 
Data extraction and quality appraisal  
A standard data extraction form was developed based on the STROBE statement that would 
summarize the study design and other relevant raw data for each article, this was completed 
by an independent reviewer [41]. To keep the reported data homogenous required the 
transformation of weights from pounds to kilograms in a few studies. Studies reporting their 
outcomes only in odds ratios (OR) or in relative risks (RR) were synthesised. A quality 
scoring instrument (Table S4.3) was devised based on standard bias criteria for observational 
studies [42] to adjust for study deficiencies. According to the standard procedure all the data 
abstraction, inclusion, exclusion and quality scoring was performed by two reviewers (MM 
and SD). Any disagreement in the scoring was resolved by consensus and each item that was 
not deficient was given a point. These were then summed to form a univariate quality score 
(Table S4.4). 
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Statistical Analysis  
Four-fold cells (2×2 tables) were imputed for all binary point estimates using the 
reconstruction method [43] to convert all ORs to RRs because the OR may not adequately 
portray risk [44]. In addition to the RR, the contribution of risk from obesity and depression 
was defined using an absolute term known as the risk difference (RD). This can be used to 
judge the impact of the risk of obesity and depression on populations and individuals. To 
compute the impact of obesity and depression, the RD was defined based on an estimated 
cumulative incidence of the outcome at 1 year across the studies with follow-ups of more 
than a year. The 1-year follow-up study was considered as the base year and follow-up 
studies of more than 1 year were interpolated to calculate the cumulative incidence. For these 
studies of duration more than 1 year, the yearly incidence rate (IR) was estimated as 
[ln(1 ) ]tIR CI t= − −  where CIt is the cumulative incidence proportion of events at the end of 
the study and t is the duration of follow-up [45]. The 1 year cumulative incidence was then 
computed as 1 − 𝑒−𝐼𝑅(1)  where e is exponential of IR. Two separate analyses were 
conducted: one for depression and another one for obesity as outcomes respectively. Given 
the significant methodological heterogeneity and inconsistency among the studies included, 
we used the quality effects (QE) model [36-38] to perform bias adjusted analyses. The QE 
model is the only model currently available that allows empirical bias adjustment of 
observational studies. We used this in lieu of the random effects ( RE) model[46]  because 
the methodology associated with the RE model, according to authors opinion, has limitations 
to the extent that, even in standard meta-analyses, there is a lack of interpretation of an RE 
summary [47]. Moreover, use of the RE model requires assumptions that are unlikely to be 
valid in practice. Most notably, the RE analysis is based on the premise that the trials 
performed are representative of some hypothetical population of trials, and that the 
heterogeneity can be represented by a single variance. We take the approach in this paper that 
when heterogeneity has been detected, there is a strong case for investigating its possible 
origin, and redistributing the weights based on such a determination [48]. Heterogeneity was 
determined to be present when the value of 2τ was greater than zero and/or the Q-statistic 
was significant at a p < 0.10 [49]. All analyses were performed using MetaXL ver 2.0 [50].  
 
Sensitivity analysis and publication bias  
To assess the robustness of the meta-analysis, sensitivity analyses were performed by 
examining the effect of altering the selection criteria of the studies included in the pooled 
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results. Several selection criteria were examined including region of origin (US vs Europe 
and other countries), risk of obesity and depression in late adolescence (16 to 18 years) vs. 
young adulthood (over 18.5 to 35 years), follow-up duration (<10 years vs ≥10 years), 
number of covariates adjusted for (<5 and ≥ 5) and assessment of depression (i.e. clinically 
diagnosed depression vs symptom score-based assessment). Clinically diagnosed studies 
were identified based on the depressive disorder of the participants as defined by the authors 
of each study. These included depressive mood, specific syndromes or use of anti-depressant 
medication being assessed by an expert interviewer. Pooled estimates were also examined by 
excluding extreme effect sizes and studies that did not adjust for baseline obesity or 
depression. Finally, analysis of the effect of potential unpublished studies was undertaken to 
evaluate the robustness of the meta-analysis. The funnel plot asymmetry was evaluated. 
However, we did compute Eggers regression and considered the studies to be asymmetrical if 
the intercept of Egger’s regression deviated from zero with p < 0.10 [50].  
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PRISMA 2009 Flow Diagram 
 
 
 
 
Figure 4. 1: Flow diagram of the selection of articles 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 
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Results  
A search of six electronic databases identified 3828 articles of which 3815 were excluded 
based on the criteria listed in Figure.4.1. Thirteen articles [1,9, 51-61] were included for 
systematic review and meta-analysis. All the included studies were prospective studies that 
examined the association between depression and obesity, of these, seven studies examined 
depression leading to obesity [1, 9, 51, 52, 54, 55, 57] and six studies investigated obesity 
leading to depression [53, 56, 58-61]. Three of the studies presented the longitudinal 
bidirectional data [1,53, 56]. There were 32,026 participants available to investigate the 
possible link between these two conditions and other associated characteristics; these are 
summarized in Table 4.1.  
 
Depression leading to obesity  
Study characteristics  
The majority of the studies were from the US, with one study from New Zealand. There was 
considerable methodological variability. Both males and females were studied in three of the 
included studies [51, 53, 54] and only females were investigated in two other studies [9, 55]. 
Participants of the included studies were diverse in terms of race, ethnicity, social and other 
demographic characteristics. However, the predominance of Caucasians in the samples 
should be noted. The sample size across studies ranged from 177 to 9374 with a mean age 
that varied between 11 and 19 years and with follow-up periods that ranged between 1 and 15 
years. Depression was assessed by clinical diagnosis in five studies [1, 9, 51, 52, 54] with the 
remaining studies using depressive symptoms scales [55, 57]. At follow-up, self-reported 
information was used in three studies [51,52, 55] whereas the others used measured weight 
and height to calculate BMI. To assess depressive symptoms/disorder a wide range of 
standard scales were used with a large set of covariates ranging from none to 11 across the 
studies.  
 
Quantitative outcomes  
A meta-analysis of the relative and absolute risk of obesity is presented in Table 4.2 (forest 
plot Figure S4.1 and Figure S4.2). Overall, adolescents who were depressed at baseline 
were at a 70% (RR: 1.70, 95% CI: 1.40, 2.07) higher risk of obesity compared with those 
who did not experience depression. When the association was split by gender, no significant 
difference was found between males and females (p =0.08). In terms of absolute risk, the 
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baseline impact of depression contributed 4% (RD: 0.04, 95% CI: 0.01, 0.06) excess risk of 
obesity compared with non-depressed subjects.  
 
Sensitivity analysis and publication bias 
A sensitivity analysis to assess the robustness of the association of depression leading to 
obesity was conducted and is presented in Table 4.3. None of the sub-groups were 
significantly different except for life stage, in which females during young adulthood, when 
compared with females in late adolescence, were found to be at increased risk of developing 
obesity (p=0.04). A leave-one-out sensitivity analysis did not show variance in pooled 
estimates. In addition, exclusion of the studies with outlying results did not significantly 
change the overall estimates. 
 
Finally, the funnel plot (Figure S4.3) demonstrated asymmetry suggesting a clear bias 
(intercept on Eggers regression 2.83, p<0.001) in favour of studies with positive outcomes.  
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Table 4. 1: Characteristics of the included studies  
Author, year  Country  Study sample  
Gender Mean age (at 
baseline) 
Follow-up 
duration (year) 
Covariates 
Assessment of 
depression 
Assessment of BMI 
(baseline/follow-up) 
Male  Female  
Depression leading to obesity 
Pine et al., 1997  
 
US 644 310 334 14 10 
Physical health, smoking, social class, IQ, parent sociopathy, conduct 
disorder (6) 
CD S/S  
Pine et al., 2001  US 177 - - 11 15 
Age, sex, cigarette use, alcohol use, 
social class, pregnancy, medication history (7) 
CD M/S 
Goodman et al., 2002  US 9374 4656 4718 15 1 
Age, sex, race, parental obesity, parent education, number parents at 
home, self-esteem, smoking, conduct disorder, physical activity, baseline 
BMI (11) 
DS S/S 
Richardson et al., 2003  (34) New Zealand 660 348 312 19 7 Childhood BMI, parental obesity, SES, maternal depression (4) CD M/M 
Stice et al., 2005 (35) US 496 - 496 13.5 4 
Dietary restraint, compensatory behaviours, perceived parental obesity 
(3) 
CD M/M 
Franko et al., 2005 (36) US 1554 - 1554 16 5 Race, site, parent education, prior BMI (4) DS M/S 
Anderson et al., 2010  (37) US 918 - 918 12 2 
Age, family income, time spent after school, self-esteem and physical 
activity (5)  
DS M/M 
Kubzansky et al., 2012 (38) US 1528 - - 14.5 4 Age, race, parents education, pubertal development (4) DS  M/M 
Marmorstein et al., 2014 (43) US 821 - - 11 13 none CD M/M 
 Obesity leading to depression  
Goodman et al., 2002  US 9374 4656 4718 15 1 
Age, sex, race, parental obesity, parent education, number parents at 
home, baseline CES-D score (7) 
DS           S/- 
Herva et al., 2006  Finland  3125 1159 1966 14 17 
Father’s social class, family type, chronic diseases, smoking, alcohol use 
(5) 
DS           S/- 
Anderson et al., 2007  US 674 342 332 15 20 SES, race, smoking, parent psychopathology (4) CD           S/- 
Boutelle et al., 2010 (41) US 488 - 488 13 4 Age, ethnicity (2) CD           M/- 
Frisco et al., 2013(42) US 367 - 367 16 5 
Age, ethnicity, family income, parents education, family structure, 
physical activity, pregnancy before follow-up wave 2 (7) 
DS   M/- 
Anderson et al., 2010 (37) US 918 - 918 12 2 
Age, family income, time spent after school, self-esteem and physical 
activity (5)  
DS           M/- 
Marmorstein et al., 2014 (43) US 908 - - 11 13 none CD M/M 
         Abbreviations: DS- Depressive symptoms, CD- Clinically diagnosed, S-self-reported, M- Measured. BMI- Body mass index, US-United States 
73 
 
Table 4. 2: Pooled estimates of incidence of depression leading to obesity measured in terms of relative and absolute risk using a quality effects 
model  
Study Obese*  No-obese  RR (95% CI) Obese  No-obese  RD (95% CI)± 
P-value (between 
groups)# 
    
  
 
 
Male 
   
  
 
 
Pine et al., 1997  (9)/(50) (34)/(260) 1.38 (0.70, 2.69) (1)/(50) (4)/(260) 0.00 (-0.04, 0.05) 
0.08 
Richardson et al., 2003   (2)/(30) (33)/(445) 0.90 (0.37, 2.02) (1/30) (5)/(445) 0.02 (-0.04, 0.09) 
Overall male  
  
1.16 (0.68, 1.96)   0.00 (-0.02, 0.02) 
Female 
   
  
 
Pine et al., 1997  (21)/(64) (37)/(270) 2.39 (1.51, 3.80) (3)/(64) (4)/(270) 0.03 (-0.02, 0.09) 
Richardson et al., 2003  (13)/(37) (59)/(391) 2.33 (1.29, 3.83) (3)/(37) (10)/(391) 0.06 (-0.03, 0.14) 
Stice et al., 2005  (1)/(11) (18)/(443) 2.24 (0.63, 7.09) (1)/(11) (5)/(443) 0.08 (-0.09, 0.25) 
Franko et al., 2005  (197)/(622) (115)/(932) 2.57 (1.18, 4.65) (46)/(622) (25)/(932) 0.05 (0.02, 0.07) 
Anderson et al., 2010  (31)/(131) (93)/(787) 2.00 (0.93, 5.68) (21)/(131) (56)/(787) 0.09 (0.02, 0.15) 
Overall female 
  
2.34 (1.74, 3.15)   0.05 (0.03, 0.08) 
Both (not able to separate)  
   
  
 
 
Pine et al., 2001 (13)/(90) (7)/(87) 1.80 (0.75, 4.29) (1)/(90) (1)/(87) 0.00 (-0.03, 0.03)  
Goodman et al., 2002   (157)/(856) (733)/(8518) 2.13 (1.03, 4.89) (157)/(856) (733)/(8518) 0.10 (0.07, 0.12)  
Kubzansky et al., 2012  (31)/(230) (124)/(1298) 1.41 (1.13, 1.84) (9)/(230) (33)/(1298) 0.01 (-0.01, 0.04)  
Marmorstein et al., 2014  (3)/(97) (22)/(724) 1.02 (0.38, 2.77) (2)/(97) (10)/(724) 0.01 (-0.02, 0.04)  
Overall Both  
  
1.48 (1.15, 1.91)   0.03 (-0.01, 0.08)  
Overall      1.70 (1.40, 2.07)   0.04 (0.01, 0.06)  
• Abbreviations: RR- relative risk, RD- risk difference, CI-confidence interval 
± Risk difference (RD) was measured based on estimated cumulative incidence at 1 year across the studies with follow-up of more than a year. This interpolation at 1 
year had made difference in number of obese and non-obese to calculate risk difference (RD). 
* Obesity was defined by WHO (World Health Organization) BMI cut-off - BMI≥ 30kg/m² and non-obese defined BMI<30 kg/m².   
# P-value determined the interaction effect between male and female was measured using RR and significance level set at <0.05 
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Table 4. 3: Sensitivity analyses of depression leading to obesity  
Sub-groups 
Obesity (BMI≥30 kg/m²)* 
Male Female Combined (male  and female ) 
No of 
studies             
and 
sample 
size 
RR (95%CI) RD (95%CI) 
p-value 
(between 
groups)# 
No of 
studies             
and 
sample 
size 
RR (95%CI) RD (95%CI) 
p-value 
(between 
groups)# 
No of 
studies             
and 
sample 
size 
RR (95%CI) RD (95%CI) 
p-value 
(betwee
n 
groups)
# 
Risk in life-stages              
Late Adolescent - - - - 2 (1414) 2.10 (1.01, 2.34) 0.05 (0.02, 0.07) 0.04 2 (1705) 1.58 (1.20, 2.07) 0.06 (-0.02, 0.14) 0.64 
Young Adulthood 2 (658) 1.70 (1.40, 2.07) 0.01 (-0.02, 0.05) 3 (2200) 2.41 (2.24, 4.38) 0.09 (0.02, 0.15) 2 (10195) 1.33 (0.68, 2.59) 0.00 (-0.02, 0.03)  
Follow-up duration             
<10 years  1 (348) 0.90 (0.37, 2.02) 0.02 (-0.04, 0.09) 0.44 4 (3280) 2.33 (1.59, 3.38) 0.03 (-0.02, 0.09) 0.37 2 (1705) 1.58 (1.20, 2.07) 0.06 (-0.02, 0.14) 0.64 
≥10 years  1 (310) 1.38 (0.70, 2.69) 0.00 (-0.04, 0.05) 1 (334) 2.39 (1.51, 3.80) 0.06 (0.03, 0.08) 2 (10195) 1.33 (0.68, 2.59) 0.00 (-0.02, 0.03)  
Measures of Depression              
Depressive symptoms  - - - - 2 (2472) 2.33 (1.35, 4.03) 0.05 (0.00, 0.09) 0.48 2 (1705) 1.58 (1.20, 2.07) 0.06 (-0.01, 0.12) 0.64 
Clinically diagnosed  2 (658) 1.70 (1.40, 2.07) 0.01 (-0.02, 0.05)  3 (1142) 2.34 (1.64, 3.34) 0.06 (0.02, 0.09) 2 (10195) 1.33 (0.68, 2.59) 0.00 (-0.03, 0.03)  
Adjustment of confounders              
Adjusted <5 confounders 1 (348) 0.90 (0.37, 2.02) 0.02 (-0.04, 0.09) 0.44 3 (2362) 2.40 (1.61, 3.59) 0.18 (0.11, 0.24) 0.52 2 (9551) 1.38 (1.09, 1.75) 0.03 (-0.01, 0.07) 0.26 
Adjusted ≥ 5 confounders  1 (310) 1.38 (0.70, 2.69) 0.00 (-0.04, 0.05) 2 (1252) 2.30 (1.53, 3.47) 0.16 (0.10, 0.23) 2 (2349) 1.98 (1.11, 3.53) 0.09 (0.07, 0.12)  
Region             
US 1 (310) 1.38 (0.70, 2.69) 0.00 (-0.04, 0.05) 0.22 4 (3302) 2.34 (1.65, 3.32) 0.05 (0.03, 0.08) 0.31 4 (11900) 1.48 (1.15, 1.91) 0.03 (-0.01, 0.08) - 
Europe & others  1 (348) 0.90 (0.37, 2.02) 0.02 (-0.04, 0.09)  1 (312)  2.33 (1.59, 3.83) 0.06 (-0.03, 0.14)  - - -  
• Abbreviation: RR- relative risk, RD- risk difference, CI- confidence interval and BMI-Body mass index 
• Depression was measured based on symptoms using different rating scales and clinically diagnosed  
* BMI was defined by WHO (World Health Organization) cut off  
# P-value determined whether the difference between groups in each category of the sensitivity analysis was measured based on RR and significance level set at <0.05
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Obesity leading to depression  
Study characteristics  
Studies reporting obesity as a predictor of depression were methodologically heterogeneous. 
The majority of the included studies were from the US (85%). Three studies [53, 58, 59] 
reported this association for both males and females and three other studies reported data only 
for females [56, 60, 61]. Participants were diverse in relation to age, race, ethnicity, social 
and demographic characteristics, although the majority of females were caucasian. 
Approximately 16000 participants (15854) were included in this investigation with sample 
sizes ranging from 367 to 9374 participants. The mean age varied from 11 to 15 years and 
follow-up time from 1 up to 20 years. For BMI at baseline, three studies [53, 58, 59] relied on 
self-reported information and the remainder of the studies used measured height and weight 
[1, 56, 60, 61]. At follow-up, four studies assessed depression using depressive symptoms 
[53, 56, 58, 61] and the rest of the studies used clinical diagnoses [1, 59, 60]. All but one of 
the studies [58] removed the baseline depressed participants to assess the incidence. To assess 
depressive symptom/disorder a wide range of standard scales were used and considered large 
set of covariates (range from none to 8) across the studies.  
 
Quantitative outcomes  
The overall pooled RR was 1.40 (RR: 1.40, 95% CI: 1.16, 1.70) for depression (Table 4.4, 
forest plot Figure S4.4 and Figure S4.5). When the pooled results were stratified by gender, 
there were no statistically different results for males and females (p=0.18). In terms of 
absolute risk, subjects who were obese at baseline contributed 1% (RD: 0.01, 95%, CI: 0.00, 
0.02) excess risk of depression compared with the non-obese.  
 
Sensitivity analysis and publication bias 
In sensitivity analyses, significant effect variation was observed for males and females using 
either measure of risk of depression (see Table 4.5). Females who were obese were at a 
higher risk of depression in young adulthood compared with late adolescence (p=0.02). This 
association was stronger when the females were exposed for a longer period of time (more 
than 10 years) compared with shorter follow-ups (less than 10 years) (p=0.03). The remaining 
sub-groups did not show any significant differences in estimates. Besides these analyses, 
robustness of the overall pooled estimate was also checked by excluding studies with 
outlying results and studies without measurement of depression at baseline but no noticeable 
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changes were observed. Finally, leave-one-out sensitivity analyses were applied but did not 
make a significant difference to the overall pooled estimate.  
 
The funnel plot (Figure S4.6) was found to be asymmetrical (intercept on Eggers regression 
0.79, p <0.001) suggesting the presence of publication bias favouring studies with positive 
outcomes. 
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Table 4. 4: Pooled estimates of the incidence of obesity leading to depression measured in terms of relative and absolute risk using a quality 
effects model  
Study Depression* No-depression RR (95% CI) Depression  No-depression RD (95% CI)± 
P-value (between 
groups)# 
Male 
   
  
 
 
Herva et al., 2006  (28)/(177) (124)/(982) 1.25 (0.89, 1.75) (2)/(177) (8)/(982) 0.00 (-00.1, 0.02) 
0.18 
Anderson et al., 2007  (4)/(32) (26)/(310) 1.49 (0.55, 2.89) (1)/(32) (2)/(310) 0.02 (-0.04, 0.09) 
Overall male  
  
1.31 (0.94, 1.83)   0.01 (-0.01, 0.03) 
Female 
   
  
 
Herva et al., 2006  (41)/(200) (205)/(1766) 1.76 (1.14, 2.23) (3)/(200) (13)/(1766) 0.01 (-0.01, 0.02) 
Boutelle et al., 2010  (9)/(53) (50)/(443) 1.50 (0.78, 2.88) (3)/(53) (14)/(443) 0.03 (-0.04, 0.09) 
Anderson et al., 2010  (32)/(143) (132)/(775) 1.38 (0.91, 2.10) (13)/(143) (49)/(775) 0.03 (-0.02, 0.08) 
Anderson et al., 2007  (3)/(10) (41)/(322) 2.36 (1.45, 4.95) (1)/(10) (3)/(322) 0.09 (-0.10, 0.28) 
Frisco et al., 2013  (61)/(514) (306)/(4729) 1.83 (1.17, 3.09) (13)/(514) (63)/(4729) 0.01 (0.00, 0.03) 
Overall female 
  
1.72 (1.38, 2.15)   0.02 (0.00, 0.03) 
Both (not able to separate)  
   
  
 
 
Goodman et al., 2002  (92)/(892) (763)/(8482) 1.15 (0.81, 1.63) (92)/(892) (763)/(8482) 0.01 (-0..01, 0.03)  
Marmorstein et al., 2014  (19)/(173) (115)/(735) 0.71 (0.34, 1.48) (2)/(173) (10)/(735) 0.00 (-0.02, 0.02)  
Overall Both 
  
0.97 (0.63, 1.48)  
 
0.00 (-0.01, 0.02) 
 
Overall      1.40 (1.16, 1.70)   0.01 (0.00, 0.02)  
• Abbreviations: RR- relative risk, RD- risk difference, CI-confidence interval 
± Risk difference (RD) was measured based on estimated cumulative incidence at 1 year across the studies with follow-up of more than a year. This interpolation at 1 
year had made difference in number of depressed and non-depressed to calculate risk difference (RD). 
* Depression was measured based on symptoms using different rating scales and clinically diagnosed   
# P-value determined the interaction effect between male and female was measured using RR and significance level set at <0.05
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 Table 4. 5: Sensitivity analyses of obesity leading to depression  
Sub-groups  
Depression*   
Male   Female  Combined (male and female )  
No of 
studies             
and 
sample 
size  
RR (95%CI) RD (95%CI) 
p-value 
(between 
groups)# 
No of 
studies             
and 
sample 
size  
RR (95%CI) RD (95%CI) 
p-value 
(between 
groups)# 
No of 
studies             
and 
sample 
size  
RR (95%CI) RD (95%CI) 
p-value 
(between 
groups)# 
Risk in life-stages  
   
 
   
 
   
 Late Adolescent - - - 
- 
2 (1406) 1.40 (0.91, 1.76) 0.03 (-0.01, 0.07) 
0.02 
1 (9374) 1.15 (1.17, 1.92) 0.01 (-0.01, 0.03) 
0.06 
Young Adulthood 2 (1501) 1.31 (0.94, 1.83) 0.01 (-0.01, 0.03) 3 (2665) 1.89 (1.69, 2.68) 0.02 (0.00, 0.04) 1 (908) 0.71 (0.63, 1.48) 0.00 (-0.02, 0.02) 
Follow-up duration 
   
 
   
 
   
 <10 years  - - - 
- 
3 (1773) 1.57 (1.13, 1.89) 0.02 (-0.02, 0.06) 
0.03 
1 (9374) 1.15 (1.17, 1.92) 0.01 (-0.01, 0.03) 
0.06 
≥10 years  2 (1501) 1.31 (0.94, 1.83) 0.01 (-0.01, 0.03) 2 (2298) 1.93 (1.76, 2.52) 0.02 (0.00, 0.03) 1 (908) 0.71 (0.63, 1.48) 0.00 (-0.02, 0.02) 
Measures of Depression  
   
 
   
 
   
 Depressive symptoms  1 (1159) 1.25 (0.89, 1.75) 0.00 (-0.01, 0.02) 
0.5 
3 (3251) 1.66 (1.29, 2.15) 0.04 (-0.03, 0.11) 
0.67 
1 (9374) 1.15 (1.17, 1.92) 0.01 (-0.01, 0.03) 
0.06 
Clinically diagnosed  1 (342) 1.49 (0.55, 2.89) 0.02 (-0.04, 0.09) 2 (820) 1.86 (1.19, 2.92) 0.01 (0.00, 0.02) 1 (908) 0.71 (0.63, 1.48) 0.00 (-0.02, 0.02) 
Adjustment of confounders  
   
 
   
 
   
 Adjusted <5 confounders 1 (342) 1.49 (0.55, 2.89) 0.02 (-0.04, 0.09) 
0.7 
2 (820) 1.91 (1.22, 2.98) 0.04 (-0.03, 0.11) 
0.63 
1 (908) 0.71 (0.63, 1.48) 0.00 (-0.02, 0.02) 
0.06 
Adjusted ≥ 5 confounders  1 (1159) 1.25 (0.89, 1.75) 0.00 (-0.01, 0.02) 3 (3251) 1.69 (1.31, 2.16) 0.01 (0.00, 0.02) 1 (9374) 1.15 (1.17, 1.92) 0.01 (-0.01, 0.03) 
Region 
   
 
   
 
   
 US 1 (342) 1.49 (0.55, 2.89) 0.02 (-0.04, 0.09) 0.7 4 (2105) 1.70 (1.27, 2.27) 0.02 (0.00, 0.04) 0.88 2 (10282) 0.97 (0.63, 1.48) 0.00 (-0.01, 0.02) - 
Europe & others  1 (1159) 1.25 (0.89, 1.75) 0.00 (-0.01, 0.02) 
 
1 (1966) 1.76 (1.14, 2.23) 0.01 (-0.01, 0.02) 
 
- - - 
 
• Abbreviation: RR- relative risk, RD- risk difference, CI- confidence interval 
* Depression was measured based on symptoms using different rating scales and clinically diagnosed  
# P-value determined whether the difference exists between groups in each category of the sensitivity analysis was measured based on RR and significance level set at <0.05
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Discussion  
This is the first meta-analysis to assess the bi-directional associations between depression and 
obesity in adolescents. Our results showed a 70% increased risk of being obese in depressed 
adolescents; conversely obese adolescents had a 40% greater risk of being depressed. The 
association was statistically significant in terms of the depression and obesity link regardless 
of direction and when stratified by gender the bi-directional association was found for both 
males and females. In terms of impact, the risk difference was also bi-directional.  
 
Our result confirms the bi-directional association between obesity and depression in both 
relative and absolute terms. This finding is in accordance with the results of a recent review 
which also identified a bi-directional link between obesity and depression [30]. However, this 
review included studies of both adolescents and children (less than 12 years old) and did not 
include age based sub-group analyses. Similarly, Muhlig et al. reported a weak association 
between obesity and depression in both directions [31]. However, they failed to ensure a 
strong conclusion due to the methodological variability of the included studies. By way of 
contrast the methodology used in our study can efficiently balance these methodological 
differences and has established a prospective link between obesity and depression.  
 
Our meta-analysis has also confirmed the reciprocal associations between obesity and 
depression in both males and females. The strength of association was found to be stronger 
for females compared with males. This result is in line with recently published reviews which 
also indicate a gender effect in the bidirectional associations of obesity and depression with a 
stronger relationship being evident for females [30, 31]. Biologically females during puberty 
experience complex developmental processes that may result in the earlier onset of obesity 
disorders and which may persist throughout adolescence to adulthood [62, 63]. In the case of 
males, puberty occurs approximately two years later than in females [64]. This earlier 
pubertal development in females may also be associated with the marked  gender differences 
in adolescent depression [65]. However, the gender difference in depression is also observed 
post-puberty, this is more closely tied to hormonal changes than to chronological age [66, 67] 
and this gender difference persisting across the female reproductive life course [68, 69]. 
Behavioural and lifestyle factors may also enhance this gender disparity [70, 71]. In one 
study it was found that females were dissatisfied with their bodies regardless of their actual 
weight, whereas males became concerned only when they were objectively overweight [72]. 
Females tend to more dissatisfied with their bodies than males [73]. Negative life events such 
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as bullying as well as poor self-esteem [13] can produce stress, which may in turn  increase 
the risk of obesity and depressive symptoms in adolescent females more so than in adolescent 
males [74, 75].  
 
In sensitivity analysis, we found that the bi-directional association between obesity and 
depression was stronger for females in young adulthood than in late adolescence. It is likely 
that developmental factors are relevant across late adolescence and adulthood. The tracking 
of BMI from adolescence into adulthood is high [68, 69] particularly for females; for 
example, according to one study, BMI at age 18 predicts 50% of the BMI variance at age 35 
years [68]. Similarly with depression, although there is little gender disparity in pre-
adolescence, by mid-adolescence the female preponderance of depression extends across the 
female reproductive life course with the rate for females being approximately double that for 
males (OR: 1.7, CI:1.5-2.0) [66, 68]. These associations might also be due to the shifts in life 
stages that trigger both choices and challenges, including decisions about higher education, 
transition into the labour market, moving away from the family of origin and sometimes into 
marriage and parenthood [76]. A longer follow-up time (more than 10 years) was more 
strongly predictive of the reciprocal association between depression and obesity. This 
suggests that the longer a female is either obese or depressed, the more likely it is that 
lifestyle and environmental factors may enhance this association [52, 56]. 
 
Our funnel plot suggested possible publication bias which may result either from either 
clinical heterogeneity or methodological heterogeneity between studies. However, 
publication bias may also exist because the published studies may not be representative of all 
studies that have been performed because positive results tend to be submitted and published 
more often than negative results [77]. Finally, there may also be  small study effects (smaller 
studies show stronger effects) that can cause the asymmetry in funnel plots [77].  
 
The findings of this study are based only on longitudinal studies and a more rigorous 
methodology has been used to define more accurate measures of effect estimation than have 
been previously presented. This gives additional strength to this review. To assess the risk 
association the RR was used instead of OR to provide more realistic effect estimates [44]. 
Secondly, all the previous review articles have used only relative measures to examine the 
strength of association between obesity and depression. This approach can magnify risk 
associations because of the nature of the RR or OR (i.e. a large RR or OR can be associated 
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with very small changes in absolute risk) and this cannot be translated into individual 
decisions because it does not typically take baseline risk into account. To facilitate translation 
of the findings the absolute measure of risk allowed us to account for the baseline risk and to 
provide an estimate of the actual risk contribution by both obesity and depression. Thirdly, 
we used a QE model [36-38]; this model is able to neutralise possible biases associated with 
methodological differences among the studies which was not possible using the more 
common analytical model, the random effect model, used in previous review studies [29, 78]. 
Overall, the determination of the effect sizes in our study has greater efficacy to measure the 
actual and exact strength of associations between obesity and depression in adolescents. 
 
This study has a number of limitations. Firstly, the majority of the studies examined 
predominantly Caucasian populations and females, consequently our results require 
confirmation in more diverse samples with different racial and ethnic backgrounds and 
gender balances before we can generalise the estimates. In addition, the majority of the 
studies were conducted in North America and Europe, again making the estimates less 
generalisable, particularly to the developing world where cultural attitudes and beliefs may be 
different regarding mental health and obesity. In addition, use of antidepressant agents may  
also have a role in the association between depressive symptoms and overweight [79]. Only 
two of the included studies had controlled for their use [52, 54]. The remaining studies failed 
to report subject’s antidepressant use. We cannot completely rule out the possible 
confounding influence of antidepressant use on the overall association of depression and 
obesity. Finally, it was not possible to evaluate the potential interactive relationship of this 
bidirectional association due to insufficient data.  
 
Conclusion 
In summary, this meta-analysis has established the bi-directional association between obesity 
and depression. The strength of the association was found to be stronger in the direction of 
depression leading to obesity than for obesity leading to depression but this may be an 
artefact of length of follow-up of the studies included. Both males and females were at risk of 
obesity and depression, however; the association was commonly stronger for females and for 
females in young adulthood more so than late adolescence. This evidence has significant 
implications particularly for young females in clinical practice to the extent that intervention 
early on for both obese and depressed young women may inhibit the development of the 
reciprocal disorder.  
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Chapter 5:  The association between depression and overweight and obesity in 
adult men and women 
 
5.1 Context  
The second objective of this thesis was to determine whether or not there is a bi-directional 
relationship between depression, and overweight and obesity in adult men and women.  
Depression, overweight and obesity are increasingly prevalent conditions in the adult 
population [1, 2]. There are number of reviews and meta-analyses that have examined the 
association between overweight, obesity and depression but these have confounded the 
results by combining both adult and adolescent samples. There remains some uncertainty 
regarding the direction and strength of the relationship between obesity and depression in 
adults. Women appear to be at higher risk of developing both depression and obesity; 
however the magnitude of risk is as yet unknown.  
 
This study presents a systematic review and meta-analysis examining the association between 
depression, overweight and obesity in adults. Using an updated method, a meta-analysed 
pooled estimate was determined with greater precision by adjusting for inter-study 
methodological differences. The research presented in this chapter found that the association 
was statistically significant for both depression leading to overweight and obesity and for 
overweight and obesity leading to depression. When stratified by gender the bi-directional 
association was evident for both men and women. The study also demonstrated that the bi-
directional associations are more pronounced among young and middle aged adult women 
(aged between18 to 49 years) particularly those followed for longer periods. 
 
The findings reported in this study are significant in a number of ways. They provide an   
understanding of the nature of the association between overweight, obesity and depression 
that helps to further contextualise the wider public health impact of these two very common 
conditions in adulthood. In addition, the more definitive knowledge of the interrelationship 
between overweight, obesity and depression identified in this study may inform the 
development of strategies to identify and treat substantial morbidities associated with these 
conditions. Moreover, this study finds that women of reproductive age are at higher risk for 
the development of both obesity and depression over the long term. This association is 
explored further in Chapter 6. 
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5.2 Is there a bi-directional relationship between depression and obesity among adult 
men and women? A systematic review and bias-adjusted meta analysis 
Munim Mannan, Abdullah Mamun, Suhail Doi and Alexandra Clavarino 
 
Abstract  
The rapidly increasing prevalence of both obesity and depression represent two major public 
health concerns worldwide. But the evidence regarding the direction and strength of the 
association between these two disorders, for both adult men and women, are remain 
inconclusive. We systematically reviewed publications from five different databases: 
Pubmed, Embase, BIOSIS, CINAHL and PsychINFO. A total of 21 articles were included for 
the systematic review and 19 of them for the meta-analysis using a bias-adjusted (quality 
effect) model. This resulted in the inclusion of approximately 226,063 (33.7 % men) 
participants. Those who were depressed had a 37% (RR: 1.37, 95% CI: 1.17, 1.48) increased 
risk of being obese, and who were obese had an 18 % increased risk of being depressed (RR: 
1.18, 95% CI: 1.04, 1.35). Those who were depressed had a 2% (RD: 0.02, 95% CI: 0.01, 
0.03) excess risk of obesity, however, the reciprocal associations were not significant. The 
association between overweight and depression was not found significant in either direction. 
Both men and women were at risk of obesity and depression bi-directionally. In sensitivity 
analyses bi-directional associations were more pronounced among young and middle aged 
adults and in studies with longer follow-up. The findings of this study suggest that the 
strength of the association is greater for the direction leading from depression to obesity and 
this link was more pronounced for young and middle aged women.  
 
Introduction  
Obesity and depression are two major disorders that have been rapidly increasing over the 
last few decades making these issues of major public health concern worldwide [3, 4]. There 
is evidence to suggest that both obesity and depression are associated and they may either co-
occur or may occur in a temporal sequence, that is with one leading to the other [5-7]. One 
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suggested sequence is that obesity precedes depression since obese persons are at greater risk 
of depression for many reasons including physical inactivity [8], poorer quality of life [9] and 
social prejudice [10, 11]. The reverse temporal sequence has also been suggested based on 
observations that depressed people may gain weight through the effects of antidepressant 
medications [12], impaired sleep quality [13] and a sedentary life style [14]. The co-
occurrence is equally plausible because of shared genetic and lifestyle factors [12, 15].   
Several longitudinal studies [7, 16] have been undertaken to determine what the primary 
temporal sequence may be and studies remain discordant since there is evidence for co-
occurrence [6], depression preceding obesity [17], obesity preceding depression [18] and for 
no association [19]. Two systematic reviews based on longitudinal data have reported 
associations between obesity and depression but the results were inconsistent [20, 21]. One of 
the review studies had reported a strong reciprocal association, but the result was not clear for 
adults because the relationship was derived by combining both adult and adolescence data 
[21].  
 
Along with the systematic reviews, a meta-analysis of longitudinal investigations has 
quantified the reciprocal association between obesity and depression [22]. However, the 
result was compiled from the combination of both adult and adolescent subjects. This is 
problematic because the intensity and direction of the relationship between depression and 
obesity differs across age-groups [16, 23]. The meta-analysis considered only the modifying 
effects of age and sex but other related moderators or confounding effects i.e. socio-economic 
status, diet and physical activity were not considered. So the result reported in the meta-
analysis was not fully adjusted. In addition, there are also the methodological concerns that 
the previous meta-analyses have used the random effects (RE) model which has well-
documented limitations [24-26]. However, the pooled results presented in the previous 
studies were reported in terms of odds ratios (OR) rather than relative risks (RR) which may 
also have exaggerated the associations [27]. None of the previous studies have measured the 
impact or excess risk of these associations.  
 
There is evidence to suggest that the link between obesity and depression is modified by sex 
[28]. This may be because women experience a different range of life events, patterns of risk 
and disease exposure during their life course than men [29]. This issue has been examined in 
many observational and longitudinal studies which have reported varying effect sizes.  
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Given that accumulated deficiencies of the existing evidence, this systematic review and 
meta-analysis quantitatively examined the evidence from longitudinal studies to determine 
the exact nature of the associations between obesity and depression in adult men and women 
using more robust methods [30-32] to handle the methodological heterogeneity and to 
quantify the risk using both relative and absolute measures of risk. 
 
Methods  
This study was carried out following MOOSE guideline to ensure the quality and 
completeness for both systematic review and meta-analysis [33].  
 
Search Strategy 
Pertinent articles were searched using comprehensive, systematic, computerized literature 
searches of Pubmed (including Medline), PsycINFO, Embase, CINAHL and BIOSIS Preview 
databases. The search includes the period 1961 to January, 2015. We searched for articles 
specifically examined the association between depression and obesity for adults. To search 
the articles, references from the relevant literature were hand searched and used to identify 
additional relevant studies. We got 7760 articles and based on the information related to 
topic, abstract and full-text articles, a total of 7739 studies were rejected, as they clearly did 
not meet the inclusion criteria (see below). A total of 21 studies were finally included for this 
study. The search strategy is described in detail in the online appendix. 
 
Inclusion and exclusion criteria  
Using the PICOS criteria (Table S5.1), studies were included if they (1) were published in 
the English language; (2) examined the prospective association between obesity and 
depression or vice versa; (3) contained extractable effect estimates (for depression or obesity) 
overall or separately by gender; (4) had a follow-up period of at least 1 year; (5) used a 
community or population based sample and; (6) used a standardized cut-off for BMI 
(overweight BMI≥25 and <30 kg/m² and Obesity≥30kg/m²) [34] and assessed depression 
either clinical or using rating scales based on symptoms. Clinically diagnosed studies were 
identified based on depressive disorder of the participants defined by the authors including 
depressive mood, specific syndromes or use of anti-depressant medication being assessed by 
an expert interviewer. We excluded studies that (1) were published in languages other than 
English; (2) were case reports, qualitative reports, comments, letters and reviews; (3) did not 
report information pertinent to the key clinical questions; (4) defined weight gain or 
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loss/change using criteria other than BMI categories or where the assessment of depression 
was unspecified.  
 
Data abstraction and quality appraisal 
To extract the data, a standard data extraction form summarizing the study design and other 
relevant raw data was completed for each article by an independent reviewer. Primarily, a 
descriptive synthesis of important study characteristics was undertaken. To keep the reported 
data homogenous required the transformation of weights from lb to kg. For quantitative 
synthesis of effect, studies reporting their outcomes only in odds ratios (OR) or in relative 
risks (RR) with 95% confidence interval were synthesized. In some cases the effect sizes 
were transformed, that is converted into odds ratio (OR) or relative risk (RR) when the 
necessary data for calculation were available. A quality scoring instrument (Table S5.2) was 
devised based on standard bias criteria for observational studies [35] to adjust for study 
deficiencies. According to the standard procedure all the data abstraction, inclusion, 
exclusion and quality scoring was done by two reviewers (MM and SD). Any disagreement 
in these scores was resolved by consensus and each item that was not deficient was given a 
point. These were then summed into a univariate quality score (Table S5.3).   
 
Statistical analysis  
Four-fold cells (two by two tables) were imputed for all binary point estimates using the 
reconstruction method [36] to convert all odds ratios (OR) to relative risks (RR) since the OR 
may not adequately portray risk [27]. In addition to the relative risk, the contribution of risk 
from obesity and depression were defined in absolute terms as the risk difference (RD) thus 
enabling the judgment of the impact of the risks associated with obesity or depression on 
populations and individuals [37-40]. To compute the impact of obesity and depression, the 
risk difference was defined based on an estimated cumulative incidence of the outcome at 
five years across the studies with follow-ups of five years or more. The five year follow-up 
study was considered as base year and follow-up studies of more than five years were 
interpolated to calculate the cumulative incidence of the outcome. For these studies of 
duration more than five years, the yearly incidence rate (IR) was estimated as 
[ln(1 ) ]tIR CI t= − −  where CIt is the cumulative incidence proportion of events at the end of 
the study and t is the duration of follow-up [41]. The five year cumulative incidence was then 
computed as (5)1 IRe−− . Two separate analyses were conducted: one for depression and the 
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other for overweight/obesity as outcomes respectively. We used the quality effects model 
(QE) [30-32] to perform bias adjusted analyses since it is the only model currently that allows 
empirical bias adjustment of observational studies without effect size imputation. We used 
this in lieu of the RE model [42] because the methodology of RE model has limitations to the 
extent that, even in standard meta-analyses, there is a lack of interpretation of an RE 
summary [43]. Moreover, use of the RE model requires strong assumptions that are unlikely 
to be valid in practice [24-26]. Most notably, the RE analysis is based on the peculiar premise 
that the trials done are representative of some hypothetical population of trials and that the 
heterogeneity can be represented by a single variance. We take the approach in this paper that 
when heterogeneity has been detected, there is a strong case for investigating its possible 
origin, and redistributing the weights based on such a determination [44]. Heterogeneity was 
determined to be present when the value of 2τ  was greater than zero and/or the Q-statistic 
was significant at a p < 0.10 [45]. All analyses were done using MetaXL version 2.0 [46]. 
 
Sensitivity analysis and publication bias  
Sensitivity analyses were performed by examining the effect of altering the selection criteria 
of the studies included in the pooled results to assess the robustness of the meta-analysis. 
Several selection criteria were examined including region of origin (US vs Europe and other 
countries), by age of adults from18 and <49 years vs. adults aged over 49 years, follow-up 
duration (<10 years vs ≥10 years), number of covariates adjusted for (<5 and ≥ 5) and types 
of depression assessment, that is clinically diagnosed depression vs symptom score-based 
assessment.  
 
Pooled estimates were also examined by excluding extreme effect sizes and studies that did 
not adjust for baseline overweight/obesity or depression. The sensitivity analysis using 
overweight was unable to stratify by gender due to the limited number of studies available. 
Finally, analysis of the effect of potential unpublished studies was undertaken to evaluate the 
robustness of the meta-analysis. The funnel plot asymmetry was checked. We did, however, 
compute Eggers regression and considered the studies to be asymmetrical if the intercept of 
Egger’s regression deviated from zero with p< 0.10 [47].  
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Figure 5. 1: Flow diagram of the selection of articles  
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Table 5. 1: Characteristic of the included studies  
Author, year  Country  Study sample  
Gender 
Mean 
age             
Follow-
up 
duration 
(year) 
No of covariates  
Assessment 
of 
depression  
Assessment of 
BMI 
(baseline/follow-
up) 
Adiposity cut-off 
Men Women  
Depression leading to  overweight and  obesity   
Barefoot et al., 1998  US 2087 1716 371 19 22 Gender (1) DS S/S Ov/Ob 
Roberts et al., 2003  US 1561 692 869 63 5 
Age, gender, education, marital 
status, social isolation, social 
support, life events, financial strain, 
problems with normal daily life, 
chronic medical conditions (10) 
CD M/M -/Ob 
Hasler et al., 2005  Switzerland 367 186 181 19 20 
 
Baseline BMI, physical activity, 
SES and family history (4)  
CD S/M Ov/Ob 
Van gool et al., 2007  Netherlands  57 33 24 49 6 None DS M/M Ov/Ob 
Koponen et al., 2008  Finland  472 194 278 47 7 None DS M/M Ov/Ob 
Vogelzangs et al., 2008  Netherlands  660 312 348 73 5 Gender (1) DS M/M Ov/Ob 
Kivima¨kiet al.,2009  UK 6308 4485 1823 45 19 
Age, sex, BMI, ethnicity, marital 
status, socioeconomic position, 
smoking, alcohol intake, physical 
activity, systolic blood pressure, 
diastolic blood pressure, total 
cholesterol, diabetes, coronary heart 
disease, and use of psychotropic 
drugs (14) 
DS M/M -/Ob 
Pan et al., 2012  US 51830 - 51830 65 6 
Age, ethnicity, marital status, living 
status, physical activity level, 
smoking status, alcohol 
consumption, menopausal status, 
postmenopausal hormone therapy, 
quintiles of total energy intake and 
Western dietary score (11) 
CD            S/S Ov/Ob 
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Brumpton et al., 2013 Norway 22063 9885 12178 19-55 11 
Age, smoking, insomnia, alcohol 
consumption, physical activity, 
education, economic difficulties and 
social benefit at baseline (8) 
DS -/M -/Ob 
Overweight and obesity leading to Depression   
Roberts et al., 2003  US 1561 820 741 63 5 
Age, gender, education, marital 
status, social isolation, social 
support, life events, financial strain, 
problems with normal daily life, 
chronic medical conditions (10) 
CD S/- /Ob 
Sachs-Ericsson et al., 2007  US 2406 890 1516 72 3 None DS S/- Ov/Ob 
Van gool et al., 2007  Netherland  447 234 213 49 6 None DS M/- Ov/Ob 
Bjerkeset et al., 2008  Norway 34378 17490 16888 49 11 
Age, sex, education, marital status, 
smoking (never, former, current), 
frequency of alcohol use, physical 
activity, vigor, nervousness, 
calmness, cheerfulness, and 
frequency of using tranquilizers (12) 
DS M/- Ov/Ob 
Kasen et al., 2008  US 544 - 544 27 28 
Age, race, education, previous 
depressive symptoms, marital 
status, chronic medical conditions 
perceived social support and 
financial strain (8) 
DS S/- Ov/Ob 
Koponen et al., 2008  Finland  472 194 278 47 7 None DS M/- Ov/Ob 
Ball et al., 2008  Australia  6076 - 6076 22-27 3 
Highest educational qualification, 
marital status, occupation, smoking, 
parity, health problem, baseline 
depression, physical activity and 
BMI at baseline (9) 
DS S/- Ov/Ob 
McCarty et al., 2009  US 713 355 358 27 3 Income (1) DS S/- -/Ob 
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Gariepy et al., 2009  Canada  10545 4928 5617 44 12 
Gender, age, ethnicity, marital 
status, highest  educational 
attainment, physical activity, 
smoking, alcohol consumption, self-
perceived health status, perceived 
social support and life events (11) 
DS S/- -/Ob 
Kivima¨ki et al., 2009  UK 4154 2974 1180 44 19 
Age, sex, BMI, ethnicity, marital 
status, socioeconomic position, 
smoking, alcohol intake, physical 
activity, systolic blood pressure, 
diastolic blood pressure, total 
cholesterol, diabetes, coronary heart 
disease, and use of psychotropic 
drugs (14) 
DS M/- -/Ob 
Vogelzangs et al., 2010  Netherlands  2574 1238 1309 74 5 
Age, sex, site, race, education, 
marital status, smoking, alcohol, 
physical activity, baseline diabetes 
and CVD, number of chronic 
diseases and all medication intake 
(12) 
DS M/- Ov/Ob 
Brown et al., 2011  US 7980 4150 3830 31 2 
Age, sex, race, family income to 
poverty ratio, highest educational 
qualification, ever a smoker, 
smoking, present physical issues 
and alcohol consumptions (9) 
DS S/- Ov/Ob 
Wild et al., 2012  Germany  7808 3488 4320 67 5 
Previous depression episode, 
education, marital status, smoking, 
multimorbidity, physical activity, 
and the use of antidepressants 
(baseline measures) (7) 
CD S/- Ov/Ob 
Hamer et al., 2012  UK 3851 1737 2114 63 2 
Age, sex, baseline depression,  
smoking, physical activity, alcohol, 
cardiovascular disease, central 
obesity (8) 
DS M/- Ov/Ob 
Pan et al., 2012  US 54059 - 54059 65 6 
Age, ethnicity, marital status, living 
status, physical activity level, 
smoking status, alcohol 
consumption, menopausal status, 
postmenopausal hormone therapy, 
quintiles of total energy intake and 
Western dietary score (11) 
CD S/- Ov/Ob 
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Godin et al., 2012  France  3090 1236 1854 74 10 
Education, self-reported general 
health, diabetes, marital status, 
smoking, alcohol, medications and 
physical activity (8) 
DS M/- Ov/Ob 
*DS- Depressive symptoms, CD- Clinically diagnosed, S-self-reported, M- Measured, Ov-Overweight and Ob- Obese 
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Results  
A flowchart summarizing potentially relevant studies, and those included and excluded is 
presented in Figure 5.1. A total of twenty one articles were included in this systematic 
review and among them nineteen studies, having adequate quantitative information, were 
eligible for meta-analysis. All the included studies were prospective studies that examined the 
association between depression and obesity, of these nine articles was examined depression 
leading to obesity and ten studies were investigated obesity leading to depression. Four of the 
studies examined the bi-directional association [48-51]. There were 226,063 participants 
available to evaluate the bi-directional link between obesity and depression and other 
associated characteristics; these are summarized in Table 5.1.  
 
Depression predicting overweight and obesity   
Study review  
Regionally studies were not diverse. Nearly two-third of the studies was from Europe and the 
rest were from the US. However, there was considerable variability in the methodological 
attributes among the studies. Both men and women were studied in six of the studies [7, 49, 
51-54], of which two were studies of younger adults [7, 52]. There was one study comprised 
entirely of women [51]. Participants were diverse in terms of their race, ethnicity, social and 
other demographic characteristics. However, the majority of Caucasians in the samples 
should be noted. The pooled sample size (85,405) across studies ranged from 57 to 51,830 
with a mean age that varied between 19 and 73 years and follow-up periods that ranged 
between five and twenty-two years. Depression was assessed by clinical diagnosis in three 
studies [50-52] with the remaining studies using depressive symptom scales [7, 48, 49, 53-
55]. At follow-up, self-reported information was used in two studies [7, 51] while all others 
used measured weight and height to calculate BMI. 
 
Meta-analysis  
The results of a meta-analysis of depression leading to obesity are presented in Table 5.2, 
Figure S5.1 and Figure S5.2. Overall, adults who were depressed at baseline demonstrated a 
37% (RR 1.37, 95% CI: 1.17, 1.48) increase in risk of obesity at follow-up compared with 
adults who did not experience depression. This association was not found to be significant for 
risk of being overweight (RR 1.17, 95% CI: 0.77, 1.77) (Table S5.4). In terms of the absolute 
risk, adults with baseline depression contributed 2% (RD: 0.02, 95% CI: 0.01, 0.03) excess 
obesity risk compared with non-depressed persons but no similar effect was observed on the 
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overweight outcome. When the association was stratified by sex, no significant difference for 
developing overweight/obesity was found between men and women (p=0.62).  
 
Sensitivity analysis and publication bias  
We conducted sensitivity analyses and separately measured the effect for men and women; 
this is presented in Table 5.3. In both relative and absolute terms, it was found that  women 
who were between 18 and 49 years were at greater in risk of obesity than women over 49 
years old (p=0.02). They also found to be at greater in risk with longer follow-up duration 
(more than 10 years) than for shorter follow-up (less than 10 years) (p=0.01) periods. A 
significant difference was also found when taking into consideration the assessment of 
depression. It was stronger with clinical diagnosis compared with symptoms based 
assessment (p=0.04). Men were only observed to be at a higher in risk for obesity with a 
longer follow-up time (more than 10 years) (p=0.03). A leave-one-out sensitivity analysis did 
not show a notable variance in pooled estimates. 
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Table 5. 2: Pooled estimates of the incidence of depression leading to obesity measured in terms of relative and absolute risk using a quality 
effects model  
Study Obese**  Non-obese  RR (95% CI) RD± (95% CI)  
P-value    
(between 
groups)# 
Men      
Barefoot et al., 1998 (m) 16/341 43/1375 1.50 (1.06, 1.89) 0.00 (-0.01, 0.02) 
0.62 
Hasler et al., 2005 (m) 5/14 33/172 1.86 (1.02, 3.41) 0.09 (-0.10, 0.28) 
Kivima¨ki et al., 2009 (m) 62/684 269/3801 1.28 (1.06, 1.59) 0.01 (-0.01, 0.02) 
Van Gool et al., 2006 (m) 1/5 7/28 0.87 (0.59, 1.29) -0.01 (-0.40, 0.37) 
Brumpton et al., 2013 (m) 43/172 1392/9670 1.39 (1.07, 1.80)  0.03 (-0.01, 0.07)  
Overall men    1.31 (0.98, 1.58)  0.01 (-0.01, 0.03) 
     Women      
Barefoot et al., 1998 (w) 9/75 20/296 1.78 (1.16, 2.91) 0.02 (-0.02, 0.07) 
Hasler, 2005 (w) 4/12 20/169 2.82 (1.45, 5.62) 0.13 (-0.08, 0.34) 
Kivima¨ki et al., 2009 (w) 356/1036 206/787 1.31 (1.26, 1.52) 0.03 (0.00, 0.05) 
Pan et al., 2012 (w) 390/8434 1352/43392 1.48 (1.33, 1.66) 0.01 (0.01, 0.02) 
VanGool et al., 2006 (w) 1/3 5/21 1.40 (0.98, 1.86) 0.10 (-0.47, 0.66) 
Brumpton et al., 2013 (w) 37/228 1619/11950 1.20 (0.91, 1.59) 0.01 (-0.02, 0.05) 
Overall women    1.39 (1.23, 1.58) 0.02 (0.01, 0.03) 
      Both (not able to separate)       
Roberts et al., 2003 (B) 29/114 295/1447 1.25 (0.66, 2.57) 0.05 (-0.03, 0.13)  
Koponene et al., 2008 (B) 77/215 71/257 1.30 (0.81, 2.37) 0.08 (0.00, 0.17)  
Vogelzangs et al., 2008 (B) 4/27 68/633 1.38 (0.83, 2.43) 0.04 (-0.10, 0.18)  
Overall Both      1.31 (0.80, 1.83) 0.06 (0.00, 0.11)  
      
Overall Pooled Estimates     1.37 (1.17, 1.48) 0.02 (0.01, 0.03)  
• Abbreviations: RR- relative risk, RD- risk difference, CI-confidence interval, m-men, w-women and B-both men and women  
± Risk difference (RD) was measured based on estimated cumulative incidence at 1 year across the studies with follow-up of more than a year. It had made difference in number of obese 
and non-obese to measure risk difference (RD) compared to relative risk (RR).  
** Obesity was defined by WHO (World Health Organization) BMI cut-off - BMI≥ 30kg/m² and non-obese defined BMI<30 kg/m².   
# P-value determined the interaction effect between male and female was measured using RR and significance level set at <0.05 
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Table 5. 3: Sensitivity analyses of depression leading to obesity   
Sub-groups  
Obesity (BMI≥30)* 
Men  Women  Combined (men and women) 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
             Mean Age at baseline       
  
    
 Age ≥18 to <49 3 (6387) 1.38 (1.17, 1.62) 0.01 ( 0.00, 0.03) 0.58 3 (2375) 1.62 (1.39, 2.33) 0.03 (0.01, 0.06) 0.02 1 (472) 1.30 (0.81, 2.37) 0.07 (-0.01, 0.15) 0.96 
Age ≥49 2 (9918) 1.20 (0.75, 1.93) 0.01 (-0.01, 0.02)  3 (61739) 1.16 (0.94, 1.47) 0.02 (-0.01, 0.04)  2 (2221) 1.32 (0.87, 2.02) 0.05 (-0.02, 0.12) 
              Follow-up duration      
 
     
 <10 years  1 (33) 0.87 (0.59, 1.29) -0.01 (-0.40, 0.37) 0.03 2 (51854) 1.14 (1.00, 1.37) 0.02 (-0.02, 0.06) 0.01 3 (2693) 1.31 (0.94, 1.83) 0.06 (0.00, 0.11) - 
≥ 10 years  4 (16272) 1.38 (1.20, 1.58) 0.01 (0.00, 0.03)  4 (12260) 1.67 (1.32, 1.79) 0.03 (0.01, 0.05)  - - - 
              Depression       
 
     
 Depressive symptoms  4 (16119) 1.27 (1.05, 1.54) 0.01 (-0.02, 0.03) 0.24 2 (52011) 1.32 (1.21, 1.43) 0.02 (-0.04, 0.08) 0.04 2 (1132) 1.34 (0.92, 1.96) 0.05 (-0.03, 0.13) 0.85 
Clinically diagnosed  1 (186) 1.86 (1.02, 3.41) 0.09 (-0.10, 0.28)  4 (12103) 1.56 (1.34, 3.15) 0.03 (0.00, 0.05)  1 (1561) 1.25 (0.66, 2.57) 0.06 (-0.01, 0.13) 
              Adjustment of confounders             
 Adjusted ≤5 confounders 3 (1935) 1.32 (1.12, 1.55) 0.01 (-0.06, 0.09) 0.89 3 (576) 1.53 (1.19, 2.43) 0.06 (-0.06, 0.17) 0.53 2 (1132) 1.34 (0.92, 1.96) 0.05 (-0.03, 0.13) 0.85 
Adjusted > 5 confounders  2 (14370) 1.28 (0.83, 1.95) 0.01 (-0.01, 0.03)  3 (63538) 1.36 (1.22, 1.51) 0.01 (0.01, 0.02)  1 (1561) 1.25 (0.66, 2.57) 0.06 (-0.01, 0.13) 
              Region  
 
         
 US 1 (1716) 1.50 (1.06, 1.89) 0.00 ( -0.01, 0.02) 0.40 2 (52201) 1.51 (1.35, 1.68) 0.01 (0.01, 0.02) 0.29 1 (1561) 1.25 (0.66, 2.57) 0.06 (-0.01, 0.13) 0.85 
Europe & others  4 (14589) 1.28 (1.01, 1.60) 0.01 ( 0.00, 0.02)   4 (11913) 1.33 (1.08, 1.64) 0.03 (0.00, 0.05)   2 (1132) 1.34 (0.92, 1.96) 0.05 (-0.03, 0.13)   
• Abbreviation: RR- relative risk, RD- risk difference, CI- confidence interval and BMI-Body mass index 
• Depression was measured based on symptoms using different rating scales and clinically diagnosed  
* BMI was defined by WHO (World Health Organization) cut off  
# P-value determined the difference between groups in each category of the sensitivity analysis was measured based on RR and significance level set at <0.05  
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Finally, the funnel plots (Figure S5.3) were demonstrated asymmetry suggesting a clear bias 
both for overweight and obesity. This confirms the presence of publication bias in favour of 
studies with positive outcomes and a paucity of studies with negative outcomes. Further, the 
results of Eggers regression for overweight (intercept of Eggers regression 0.13, p =0.34) and 
obesity (intercept of Eggers regression 0.48, p= 0.01) also reconfirms the existence of bias.   
 
Overweight and obesity predicting depression  
Study review 
Studies that reported overweight and obesity as predictors of depression were also 
methodologically heterogeneous while regionally more homogeneous, with the majority of 
the studies coming from North America (44%) and Europe (50%). Thirteen studies reported 
this association for both men and women [18, 48-51, 56-64] and three studies reported only 
for women [18, 51, 60]. Participants were diverse in relation to age, race, ethnicity, social and 
demographic characteristics, although the majority were Caucasians. More than hundred and 
forty thousand (1,40,658) participants were included in this investigation with study size 
ranging from 447 to 54,059 participants, with a mean age ranging between 24 and 73 years 
and follow-up times ranging between one and 28 years. Baseline BMI was self-reported in 9 
studies [16, 18, 50, 51, 57-61, 65] while the others used measured weight and height [48, 49, 
53, 56, 62, 63, 66]. Thirteen studies assessed depression using depressive symptom scales 
[18, 48, 49, 53, 56-58, 60-63, 65, 66] and the remaining studies used clinically diagnosed 
depression. 
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Table 5. 4: Pooled estimates of the incidence of obesity leading to depression measured in terms of relative and absolute risk using a quality effects model  
Study Depressed* Non-depressed  RR (95% CI) RD± (95% CI)  
P-value    
(between 
groups)# 
Men      
Bjerkeset et al., 2008 (m) 191/2100 1012/15390 1.38 (1.16, 1.66) 0.01 (0.00, 0.01) 
0.31 
McCarty et al., 2009 (m) 2/46 42/309 0.31 (0.08, 1.27) - 
Brown et al., 2011 (m) 46/783 195/3367 1.01 (0.58, 1.75)  - 
Wild et al., 2012 (m) 109/847 386/2641 0.88 (0.66, 1.17)  -0.01 (-0.02, 0.01) 
Van gool et al., 2007 (m) 10/77 29/157 0.70  (0.56, 1.37) -0.02 (-0.08, 0.05) 
Overall depression (Men)    1.12 (0.73, 1.73) 0.00 (-0.01, 0.01) 
     Women      
Bjerkeset et al., 2008 (w) 290/2190 1640/14698 1.19 (1.05, 1.33) 0.00 (0.00, 0.01) 
Kasen et al., 2008 (w) 6/17 36/527 5.17 (1.35, 15.8) 0.05 (-0.06, 0.17) 
McCarty et al., 2009 (w) 9/57 23/301 2.07 (1.01, 4.23) - 
Brown et al., 2011 (w) 75/694 280/3151 1.20 (0.90, 1.62) - 
Wild et al., 2012 (w) 260/1090 489/3230 1.58 (0.95, 2.63) 0.04 (0.02, 0.06) 
Pan et al., 2012 (w) 628/10667 2343/43392 1.09 (1.00, 1.19) 0.00 (0.00, 0.00) 
Roberts et al., 2003 (w) 22/163 57/798 1.89 (1.16, 3.13) - 
Van gool et al., 2007 (w) 25/88 27/125 1.33 (0.95, 1.85) 0.03 (-0.01, 0.07) 
Ball et al., 2008 (w) 187/610 1356/5466 1.24 (1.05, 1.55) 0.03 (-0.05, 0.12) 
Overall depression (Women)   1.17 (1.01, 1.35) 0.01 (0.00, 0.02) 
      Both (not able to separate)       
Sachs-Ericsson et al., 2007 (B) 48/447 121/1959 1.74 (0.47, 6.53) -  
Koponen et al., 2008 (B) 12/71 84/401 0.80 (0.42, 1.53) -0.01 (-0.07, 0.05)   
Godin et al., 2012 (B) 36/407 148/2683 1.60 (1.02, 2.41) 0.01 (-0.01, 0.02)  
Hamer et al., 2012 (B) 146/(059 283/2792 1.36 (1.13, 1.64) -  
Kivima¨ki et al., 2009 (B) 158/636 676/3518 1.37 (0.94, 2.00) 0.01 (-0.01, 0.02)  
Overall depression (Both)    1.35 (1.16, 1.57) 0.00 (-0.01, 0.02)  
      
Overall pooled estimates     1.18 (1.04, 1.35) 0.01(-0.01, 0.05)  
• Abbreviations: RR- relative risk, RD- risk difference, CI-confidence interval, m-men, w-women and B-both men and women 
± Risk difference (RD) was measured based on estimated cumulative incidence at 1 year across the studies with follow-up of more than a year. It had made difference in number of depressed 
and non-depressed to measure risk difference (RD) compared to relative risk (RR). * Depression was measured based on symptoms using different rating scales and clinically diagnosed 
105 
 
Table 5. 5: Sensitivity analyses of obesity leading to depression   
Sub-groups  
Depression  
Men  Women  Combined (men and women) 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
No of          
studies and 
sample size  
RR (95%CI)  RD (95%CI)  
p-value 
(between 
groups)# 
Mean Age at baseline       
  
    
 Age ≥18 to <49 2 (4863) 0.75 (0.24, 2.33) - 0.53 4 (10808) 1.66 (1.27, 2.38) 0.01 (0.00, 0.02) 0.01 2 (1458) 1.12 (0.92, 1.37) 0.01 (-0.01, 0.02) 0.07 
Age ≥49 3 (21212) 1.10 (0.71, 1.72) 0.00 (0.00, 0.01) 
 
5 (74822) 1.15 (0.95, 1.32) 0.02 (-0.03, 0.14)  3 (5484) 1.40 (1.18, 1.66) 0.01 (-0.01, 0.02) 
              Follow-up duration    
 
 
  
    
 <10 years  4 (8585) 0.79 (0.63, 1.01) -0.01 (-0.02, 0.01) <0.001 2 (19730) 1.27 (0.93, 1.30) 0.02 (0.00, 0.05) 0.03 3 (3908) 1.24 (0.90, 1.71) 0.01 (-0.07, 0.05) 0.68 
≥ 10 years  1 (17490) 1.38 (1.16, 1.66) 0.01 (0.00, 0.01) 
 
7 (68198) 1.62 (1.21, 2.32) 0.00 (0.00, 0.02)  2 (3034) 1.47 (1.10, 1.95) 0.01 (0.00, 0.02) 
              Depression     
 
       
 Depressive symptoms  4 (22587) 1.10 (0.62, 1.97) 0.01 (0.00, 0.01) 0.50 6 (28741) 1.27 (1.10, 1.47) 0.00 (0.00, 0.01) 0.34 5 (6942) 1.35 (1.16, 1.57) 0.01 (0.00, 0.02) - 
Clinically diagnosed  1 (3488) 0.88 (0.66, 1.17) -0.01 (-0.02, 0.01) 
 
3 (56889) 1.53 (1.01, 2.14) 0.01 (-0.02, 0.04)  - - - 
              Adjustment of confounders     
 
       
 Adjusted ≤5 confounders 2 (589) 0.61 (0.34, 1.10) -0.02 (-0.08, 0.05) 0.06 2 (571) 1.47 (1.02, 2.13) 0.03 (-0.05, 0.12) 0.59 2 (1794) 1.39 (1.19, 1.63) 0.01 (-0.07, 0.05) 0.25 
Adjusted > 5 confounders  3 (25486) 1.17 (0.82, 1.68) -0.00 (-0.01, 0.01) 
 
7 (86059) 1.26 (1.04, 1.47) 0.01 (0.00, 0.02)  3 (5148) 0.95 (0.51, 1.77) 0.01 (0.00, 0.02) 
              Region  
 
 
 
       
 US 2 (4505) 0.75 (0.25, 2.33) - 0.53 5 (58133) 1.56 (1.15, 2.09) 0.01 (0.01, 0.03) 0.10 1 (1516) 1.74 (0.47, 6.53) - 0.07 
Europe & others  3 (21570) 1.10 (0.71, 1.72) 0.00 (0.00, 0.01)   4 (27497) 1.22 (1.11, 1.35) 0.02 (0.01, 0.05)   4 (5426) 1.35 (1.15, 1.58) 0.01 (0.00, 0.02)   
• Abbreviation: RR- relative risk, RD- risk difference, CI- confidence interval 
*Depression was measured based on symptoms using different rating scales and clinically diagnosed 
# P-value determined the difference between groups in each category of the sensitivity analysis was measured based on RR and significance level set at <0.05
106 
 
Meta-analysis 
The overall pooled RR for the association obesity leading to depression was 1.18 (95% CI: 
1.04, 1.39) and the excess risk was 1% (RD: 0.01; 95% CI: -0.01, 0.05) (Table 5.4, Figure 
S5.4 and Figure S5.5). Restricting studies to those where subjects were overweight at 
baseline did not change the risk of depression significantly on follow-up for either the relative 
or absolute measures (Table S5.5). When the association was stratified by sex, no significant 
differences found for either men or women in the direction obesity leading to depression 
(p=0.31) and overweight leading to depression (p=0.16).  
 
Sensitivity analysis and publication bias 
In sensitivity analyses, there was no difference in either the relative or absolute measures of 
risk for men and women in the direction overweight or obesity leading to depression (Table 
5.5). Only, women 18 to 49 years were at greater risk compared with women more than 49 
years old (p=0.01) and also when the follow-up time was more than 10 years (p=0.03), the 
risk of developing depression was found to be higher than for studies with follow-ups of less 
than 10 years. In addition, a leave-one-out sensitivity analyses was applied but it did not 
make a significant difference. Finally, the exclusion of studies without measurement of 
depression at baseline did not also make significant changes to the overall estimates.  
 
The funnel plots (Figure S5.6) were found asymmetrical suggesting publication bias. 
However, Eggers regression were also examined and the presence of publication bias were 
found for overweight leading to depression (intercept on Eggers regression-0.79, p=0.02) and 
for obesity leading to depression (intercept on Eggers regression -0.80, p= 0.002). 
 
Discussion  
In this study we used a bias adjusted meta-analysis to assess the bidirectional association 
between overweight and obesity with depression. The results from this review and meta-
analysis provide evidence that the association between depression and obesity is bi-
directional. The relative measure suggests that there is a 37% increase in the risk of being 
obese in depressed adults; conversely obese adults had an 18% increase in the risk of being 
depressed over the follow-up period. In terms of impact, however, the risk difference was 
mainly demonstrable for depression leading to obesity and not in the reverse direction. The 
association was statistically significant in terms of the depression and obesity link regardless 
of direction but when we stratified the analyses by sex the bi-directional association was not 
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significantly different for men and women. The evidence of an association between 
overweight and depression is not as strong as that for obesity and depression and that also 
exists for both men and women.  
      
Our results are consistent with the recent meta-analysis [22] in terms of direction since 
depression was found to be stronger risk factor for obesity than obesity for depression. 
However, the magnitude of our results was different from the previous meta-analysis [22]. 
This may happen because in our study the estimates of the association between 
overweight/obesity and depression were adjusted for the methodological rigueur of the 
underlying studies and the RR imputed instead of the OR, thus giving a more precise estimate 
of the  magnitude of association between these two disorders, especially when the incidence 
and prevalence of obesity and depression is relatively high [67]. In addition to the relative 
measure, a measure of absolute risk was also calculated that depict the actual risk 
contribution of obesity and depression reciprocally.  
 
Although a bi-directional link was found between depression and obesity, this study found 
that there was a greater likelihood of depression leading to or causing obesity than obesity 
causing depression. One hypothesis is that depression causes an increase in weight over time 
due to neuroendocrine disturbances. According to Björntorp (2001) depression induces 
(abdominal) obesity through long-term activation of the hypothalamo-pituitary-adrenal 
(HPA) axis [68]. Cortisol, in the presence of insulin, inhibits lipid-mobilizing enzymes, a 
process mediated by glucocorticoid receptors that are found in fat depots and especially in 
intra-abdominal visceral fat [69]. However, shared genetic factors are also contributing to the 
development of each condition [70-74]. A recent study found a modest overlap of 
glucocorticoid receptor gene, the corticotrophin releasing hormone receptor gene, the 
serotonin 2A and 2C receptor genes, and the dopamine receptor D4 gene as the genetic risk 
factors that increase liability to both depression and obesity [75]. In addition, stress and 
common mental disorders have also been associated with disordered eating, which could 
influence changes in adiposity [76, 77]. Another important mechanism is unhealthy lifestyle 
as defined by physical inactivity and unhealthy dietary preferences, both of which are more 
prevalent among people with mental health problems [78-80]. Commonly used treatments for 
depression also have known side effects that can also lead to weight gain [81]. There is 
evidence that the use of tricyclics antidepressant medications can cause weight gain [82].  
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The bi-directional association between obesity and depression was also evident for both men 
and women, which is consistent with the findings of Luppino et al. (2010) [22], but differing 
from that of study by de Wit et al. (2010) [83] where the risk was found only for women in 
their cross-sectional investigation. It is evident that, women across the life course are more 
likely than men to develop depression and obesity as a result of a range of biological, 
sociocultural, psychosocial and environmental factors. Biologically, women may be more 
vulnerable because of factors such as puberty, cyclic and hormonal changes and child bearing 
which itself can introduce both depression and obesity in women [84-86]. However, 
psychosocially, women appear to be more affected, by obesity than men and are more likely 
to seek treatment [87, 88]. They also report more stigmatization in association with obesity 
[89, 90] that pressure them to be thin and experience greater body dissatisfaction which is 
link with depression. Alternatively, depression in women may also lead to poor health 
behaviours which in turn can lead to an increasing risk of overweight and obesity. In most 
cases, physical inactivity [14, 91] and sleep disturbance (inadequate amount of sleep) can 
lead to obesity [92]. Moreover, depressed women may have decreased physical activity 
which might be associated with weight gain and obesity.        
 
In sensitivity analyses, women aged between 18 and 49 were found to be at greater risk of 
obesity and depression than older women. We hypothesize that this could be because these 
women experience more stresses, physical changes and psychological stress related to child 
rearing and related psychosocial factors. As expected, a longer follow-up time (more than 10 
years) was found to result in a stronger bi-directional effect for both men and women. This 
suggests that the longer a man or woman has either disorder, the more likely that lifestyle and 
environmental factors will modulate the development of obesity and depression [51, 64]. The 
risk of obesity was stronger with women whose baseline depression was assessed by means 
of clinical diagnosis, rather than using depressive symptoms. This could be due to higher 
precision of the assessment and indicates the significance of clinically defined depression in 
the development of obesity.  
 
In our study, publication bias was identified using funnel plots. The possible presence of this 
bias may result from inclusion of more positive published studies than negative results, small 
study effects (smaller studies show stronger effects) and also from clinical heterogeneity 
between studies.  
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This study nevertheless has a number of limitations. Most of the studies examined Caucasian 
populations and women (85%), consequently our results require confirmation in a more 
diverse sample with different racial and ethnic backgrounds and using more equally gender 
balanced samples before we can generalise these estimates. Also, the majority of the studies 
were conducted in North America and Europe, again making the estimates less generalisable, 
particularly for the developing world where cultural attitudes and beliefs may be different 
regarding mental health and obesity. All the studies were based on one time assessment of 
BMI and depression but the plausibility of the reoccurrence of obesity and depression was 
ignored. Several of the included studies [50, 51, 53] attempted to investigate incidence at 
different time points but this data was not amenable to pooling. The influence of 
antidepressant use in this review could not be examined as only three of the included studies 
reported and controlled for their use in their analytic models [51-53]. This issue is significant 
because recent prescribing statistics suggest that antidepressant medication (ADM) is 
currently one of the most commonly prescribed classes of medication in outpatient medical 
practices [93-95]. We cannot rule out the confounding influence of antidepressant use and 
need to further examine their potential role.    
 
Conclusion  
This meta-analysis suggests a bi-directional link between obesity and depression. In terms of 
strength and impact, the direction depression leading to obesity is stronger than the reverse 
direction. This study also provides evidence of risk for both men and women though women 
in the reproductive age group are more likely to develop the disorders. This finding has 
greater significance particularly for women for early detection and development of 
prevention and treatment strategies that can eventually lower the risk of both the conditions in 
later life course.  
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Chapter 6: The association between gestational weight gain, postpartum weight 
retention, anxiety and depression over a 27 year period 
 
6.1 Context  
The systematic reviews and meta-analyses presented in the previous two chapters have shown 
that there is a bi-directional association between depression and obesity in adolescence that 
appears to continue on, or track, into adulthood. It has also become clear that this association 
is stronger for women than for men. The following chapters explore this association further 
using data from a large, prospective pregnancy cohort of women followed for a period of 27 
years postpartum. 
 
The third objective of this thesis was to investigate the longitudinal association between 
gestational weight gain, postpartum weight retention and anxiety and depression 27 years 
after the birth of a child. The following study examined the effect of excess weight gain 
during pregnancy and postpartum weight retention on anxiety and depression 27 years after 
pregnancy. Currently, an increasing number of women gain excess weight during pregnancy 
in many populations and it is also highly prevalent in our study population. However, there is 
a lack of evidence about the relationship between excess weight gain during pregnancy and 
later psychological distress. Excess weight gain in pregnancy is linked with long term weight 
retention and this appears to be deleterious for women’s long term mental health. Therefore, 
in this chapter, the association between gestational weight gain, postpartum weight retention 
and anxiety and depression 27 years postpartum is explored.    
 
The study found that those women who gained excess weight and those women, whose 
weight gain during pregnancy was inadequate, reported a higher prevalence of life time 
anxiety, depression and co-morbid anxiety and depression. Similarly, in relation to 
postpartum weight retention, women who retain more weight reported a higher prevalence of 
anxiety and depression. Analysis using IOM categories showed that both excess and 
inadequate weight gain during pregnancy placed women at increased risk of lifetime anxiety 
as well as co-morbid depression and anxiety compared with women with adequate weight 
gain in pregnancy. Furthermore, it also demonstrated that there is an increased risk of both 
depression and anxiety for women who retained more weight in the postpartum. All these 
association were found to be independent of potential confounders.     
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The results of the study are significant in several ways. First, these findings provide important 
insights into the implications of weight gain on women’s long term mental health. Second, as 
pregnancy is a potentially critical period for women’s weight trajectories, this study forms the 
basis for developing effective interventions to prevent weight related psychological problem 
in later life course. 
 
The next chapter (Chapter 7), explores the association between chronic and severe depression 
and the effect they have on obesity measured as both BMI and WC 27 years after child birth.  
This Chapter forms a manuscript which has been submitted to the Journal of Women’s 
Health, 18 May, 2016 (ID: JWH-2016-5968). The revised draft was submitted 26 February, 
2017 (ID: JWH-2016-5968.R1). 
 
6.2 The association between gestational weight gain and postpartum weight retention 
with anxiety and depression among women at 27 years after child birth- a longitudinal 
investigation using the MUSP cohort 
Munim Mannan, Abdullah Mamun, Gail M. Williams, Jacob M. Najman, and Alexandra 
Clavarino 
 
Abstract  
Background 
While pre-pregnancy psychological factors and body mass index influence excess gestational 
weight gain, it is not clear whether excess GWG predicts long-term psychological health. The 
aim of this study was to examine whether GWG and postpartum weight retention predicted 
anxiety and depression among women 27 years postpartum.  
 
Methods 
We used a sub-sample of 2979 women from the 6753 women forming the original cohort of 
MUSP. Generalized linear modelling with Poisson regression was used to examine the 
association between Institute of Medicine categories of GWG, postpartum weight retention 
(PPWR) (relative weight gain 1SD above and below the mean) and Composite International 
Diagnostic Interview (CIDI) measures of anxiety and depression experienced within the last 
12 months and over a lifetime. 
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Results 
Women whose weight gain was either inadequate or excessive during pregnancy and who 
retained more weight during the postpartum had a higher prevalence of lifetime anxiety and 
depression. In prospective analyses, women with either inadequate or excessive GWG were 
at an increased risk of lifetime anxiety and co-morbid anxiety and depression compared with 
women with adequate GWG. Women with PPWR 1SD above the mean were at increased risk 
of depression during the ‘last 12 months’ depression and lifetime anxiety. In sensitivity 
analysis, excluding women with anxiety and/or depression before pregnancy, a temporal 
association was found between excess GWG, higher PPWR and lifetime anxiety 27 years 
postpartum.                   
 
Conclusions 
Inappropriate weight gain during pregnancy and higher postpartum weight retention place 
women at long-term increased risk of symptoms of anxiety and depression. This study draws 
attention to the importance of monitoring anxiety as well as the more common clinical and 
research focus on depression.   
 
Introduction   
Evidence shows that gestational weight gain (GWG) is influenced by pre-pregnancy mental 
health and body mass index (BMI) [1-3]. Women who experienced depression before 
pregnancy have been found to gain excess weight during pregnancy compared with  women 
who did not experience depression [4]. Similarly, being overweight or obese before 
pregnancy is a strong predictor of excess GWG [5]. Gestational weight gain may lead to more 
frequent and severe experiences of psychological and emotional distress throughout 
pregnancy, in the early postpartum and beyond [6, 7]. Although studies have consistently 
reported that weight gain in general is associated with the development of symptoms of 
depression and anxiety [8, 9], whether GWG has a long term effect on anxiety and depression 
symptoms is unclear.   
 
In recent decades, the prevalence of overweight and obesity has increased markedly among 
women, particularly during pregnancy [10] and these women are gaining additional weight 
prior to delivery [11]. To combat the immediate and long-term adverse outcomes associated 
with GWG, in 1990 the US Institute of Medicine (IOM) developed three GWG categories – 
inadequate, adequate and excess - based on women’s pre-pregnancy BMI [12]. These 
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guidelines were updated in 2009 [13]. There are number of longitudinal studies have been 
reported GWG a commonly used indicator of postpartum weight retention in both the short 
and long term [14-17]. At midlife, long term weight gain associated with earlier GWG is a 
strong predictor of cardiovascular disease, metabolic syndrome and diabetes [18-20]. As 
there is an association between GWG and postpartum weight retention [17] for up to two 
decades after pregnancy [21], it is plausible that excessive GWG also appears to be 
deleterious for women’s mental health in the long term [10].  
 
Research shows that women’s attitude to their weight gain becomes increasingly negative as 
their pregnancy advances [1, 22]. Clark et al. [23] found that while women’s feelings of being 
fat and of having noticeable weight or shape changes decreased late in their pregnancies, 
these issues increased in the postpartum period. However, a recent cross-sectional study 
found an inverse association between GWG and postpartum depression for obese women [6]. 
Overall, the prospective evidence is limited and the association between women’s weight 
gain and obesity with later anxiety and depression remains unclear. Of the few prospective 
studies that have examined the impact of GWG on mental health, most have measured the 
immediate impact of GWG (for example during pregnancy) with a short prospective follow-
up time ranging from six weeks to one year postpartum [24, 25]. To address the issue of the 
long term association between GWG and postpartum mental health, we have used data from 
the Mater-University of Queensland Study of Pregnancy (MUSP) women’s cohort which has 
available, prospectively collected data on GWG and self-reported anxiety and depression at 
27 years postpartum. This data also provides the opportunity to assess the long term 
association between postpartum weight retention and post pregnancy anxiety and depression. 
 
Methods 
Study design and participants  
Data from a longitudinal cohort study, the Mater-University of Queensland Study of 
Pregnancy (MUSP) [26, 27] have been used here. The cohort comprised women recruited at 
their first clinic visit (FCV) which was on average at 18 weeks of gestation. These women 
continued to receive antenatal care at a major public hospital in Brisbane, Australia, between 
1981 and 1983 [26]. The original cohort consisted of 6753 women who were followed 
prospectively at multiple time points. The main predictors used in the analyses presented here 
are GWG categories (based on the 1990 IOM guidelines) and postpartum weight retention. 
Anxiety and depression at 27 years postpartum are the outcomes. Two sub-samples of women 
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were used based on the availability of data on both the exposures and outcomes of interest. 
Firstly, the analyses presented here are limited to a sub-sample of 2979 women for whom 
complete data were available on weight gain during pregnancy and anxiety and depression 
measured at 27 years postpartum. Secondly, of these 2979 women, postpartum weight 
retention data were available for only1834 (60%) of the women. The sample had reduced 
because of missing of weight data at 27 years postpartum.  
 
At each follow-up written informed consent was obtained from the women. Ethics 
committees at the Mater Hospital and/or the University of Queensland approved each phase 
of the study.  
Measurement of anxiety and depression 
Anxiety and depression were defined using the Composite International Diagnostic Interview 
(CIDI) which was administered at the 27 year follow-up [28]. The CIDI is a highly 
standardized instrument designed for assessing mental health symptoms according to the 
definitions of the diagnostic criteria of both the ICD-10 and DSM-IV [29]. The validity and 
reliability of the CIDI has been shown in a number of international, multi-centre studies [30]. 
In this study, two outcome variables from computerized psychiatric interview (CIDI) – last 
12 months and lifetime were used to determine anxiety and depression. The last 12 month 
measure is reflecting of recent functioning and the lifetime measure describes women who 
have more frequently or experienced anxiety and/or depression since delivery. Women who 
were categorised as experiencing anxiety and/or depression during the last 12 months were 
also included in the lifetime measure.  
 
The comorbidity of anxiety and depression was assessed by examining the overlap between 
anxiety and depression on the CIDI measures. Those women who reported experiencing both 
anxiety and depression simultaneously were considered to be experiencing a co-morbid 
condition.  
 
Measurement of gestational weight gain and postpartum weight retention 
Gestational weight gain was categorised using the categories set out in the 1990 Institute of 
Medicine (IOM) guidelines, which combine categories of pre-pregnancy BMI and gestational 
weight gain categories [12]. The 1990 IOM recommendations for GWG advise underweight 
women (BMI < 19.8 kg/m2) to gain 12.7–18.1 kg, normal weight (19.8≤BMI>26.0 kg/m2) 
women to gain 11.4–15.9 kg, overweight (26.0≤BMI>29.0 kg/m2) women to gain 6.8–11.3 
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kg and obese (BMI ≥ 29.0 kg/m2) women to gain no more than 6.8 kg during pregnancy [12]. 
Recently, the IOM reviewed their guidelines [13] and recommended rates of weight gain for 
the second and third trimesters as well. Because we do not have a record of trimester-specific 
weight gain, we were unable to extend our analyses using these new guidelines [13]. 
 
Maximum weight in pregnancy was abstracted from the medical charts by an obstetrician 
associated with MUSP. At the FCV women were asked to report their pre-pregnancy weight; 
women were also weighed at this clinic. Pre-pregnancy BMI was calculated as weight in kg 
divided by height in meters squared using self-reported pre-pregnancy weight and height 
which was measured at the first clinic visit (FCV). Height was measured without shoes using 
a portable stadiometer to the nearest 0.1 cm. 
 
We calculated total GWG as the difference between maximum recorded weight during 
pregnancy and self-reported pre-pregnancy weight (determined at the first antenatal visit). 
There was a high correlation between these two measures (Pearson’s correlation coefficient = 
0.95). There were 16 women who did not appear to gain weight during pregnancy and an 
additional 34 women who gained more than 35kg or less than 5kg. These women were 
excluded from the study because their weight gain patterns were clinically abnormal.  
 
Postpartum weight retention (PPWR) was used as a second exposure. PPWR was calculated 
as the difference between measured weight at 27 years and self-reported pre-pregnancy 
weight (determined at the first antenatal visit). To categorise women’s weight retention at 27 
years, relative change of weight was defined by calculating the change in weight from pre-
pregnancy to 27 years over pre-pregnancy weight. Based on this relative weight gain 
measure, two categories were created - relative weight change 1SD above the mean and 1SD 
below the mean.  
 
Covariates 
Covariates were included in the analyses either on the basis of a priori knowledge [31] or 
having been found to have an association with weight gain, anxiety and depression [32-40]. 
The following characteristics were included either as a confounder or a mediator and were 
collected at FCV:–age in years (categorised into three different categories 13-19 years, 20-35 
years and more than 35 years), education (did not complete secondary school, completed 
secondary school, or completed further/higher education); parity (1 child, 2 children, 3 or 
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more children); marital status (single, living together, married and separated-divorced-
widowed); smoking status (nil, 1-19 per day and more than 19 per day); physical activity 
(often, sometimes, never); watching TV (<1h/d, 1-3h/d, 3-5h/d and more than 5h/d). Birth 
weight of the child (gms) was measured in MUSP. In this study birthweight of the child 
(gms) was categorized according to the WHO guideline [40]. Hypertensive disorders of 
pregnancy were diagnosed by a consultant obstetrician and defined as a diastolic blood 
pressure >90 mm Hg on ≥2 occasions beyond 20 weeks gestation. These data were obtained 
from the obstetric records and were used as a binary variable (yes/no). Menopausal status at 
27 years was defined based a series of four questions. Women were asked about their last 
period (i.e. the women was asked, “When did you have your last period?” with the following 
response options: “in the last month, last 3 months, between 3 and 11 months, or 12 months 
ago or longer.”) and pattern of periods (i.e. the women was asked, Do you have irregular 
periods? with following response option - heavy/light or shorter/longer periods?). The women 
were also asked whether they ever have had surgery to remove a uterus (hysterectomy) or 
two ovaries. Combining these questions, menopausal status at 27 years was defined into the 
categories of pre-menopausal, peri-menopausal, post-menopausal and surgical menopausal. 
 
Statistical analysis 
Chi-square tests were used to measure the strength of association of the categorical variables. 
We used multi-variable generalized linear models with Poisson regression to examine the 
extent to which gestational weight gain (by IOM categories) and postpartum weight retention 
(categories) were associated with the development of anxiety and depression at the 27 years 
follow-up. Multiple imputations were used to impute missing covariates from the sub-sample 
of 2979 women. All the multivariable analyses were conducted using multiple imputation 
data to increase the statistical precision [41]. A series of models were used to test the 
difference in outcome with the adjustment of covariates. Birth weight was only controlled for 
when examining the link between inadequate gestational gain and later postpartum 
depression. After adjusting the model, the association between inadequate gestational gain 
and later postpartum depression remained significant and did not greatly change effect size.  
 
As the onset of lifetime anxiety or depression could occur before the women became 
pregnant, we conducted a sensitivity analysis to examine the temporality of the association 
between GWG, PPWR and lifetime anxiety and depression by excluding those women whose 
onset of anxiety or depression occurred before the index pregnancy. In this cohort, 201 
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women reporting depression and 86 women reporting anxiety before their pregnancy were 
excluded from the analysis. All the effect estimates were presented as relative risks (RR) with 
95% confidence intervals. We used STATA version 13 (Stata Inc, College Station, TX) to 
carry out all analyses.   
 
Results 
Table 6.1 presents women’s demographic characteristics during pregnancy with GWG and 
IOM categories of GWG.  The women gained, on average, 14.9 kg (SD 4.97) during 
pregnancy. According to the IOM 1990 weight gain categories, 701 women (23.5%) failed to 
gain adequate weight, a further 1216 women (40.8%) gained adequate weight and 1062 
women (35.7%) gained excess weight during pregnancy. Education, smoking, watching TV, 
hypertensive disorders of pregnancy and menopausal status at 27 years postpartum were 
significantly associated with the IOM weight gain categories (all p<0.05).  
 
Table 6.2 provides the prevalence of anxiety, depression and co-morbid anxiety and 
depression experienced by the women for each category of GWG at the 27 year follow-up. 
Women with either inadequate or excess weight gain in pregnancy experienced similar levels 
of anxiety and depression in the last 12 months. Using the lifetime measure, 10.6% of women 
who gained inadequate weight reported experiencing anxiety and 23.3% reported 
experiencing depression. Similarly, 11.6% of women with excess weight gain during 
pregnancy reported experiencing anxiety and 24.7% reported experiencing depression. A 
higher proportion of co-morbid anxiety and depression was observed for women with either 
excess or inadequate weight gain during pregnancy.  
 
Table 6.3 presents the proportion of depression, anxiety and co-morbidity for relative change 
in retained weight at 27 years postpartum. Women who retained weight more than one 
standard deviation (SD) above the mean had a higher proportion of anxiety and depression 
compared with women reporting weight gain less than one SD below the mean.  The 
proportion of women retaining weight more than one SD above the mean and who 
experienced lifetime anxiety, depression or co-morbid anxiety and depression, was found to 
be 14.9%, 27.1% and 8.3% respectively. For mental health symptoms experienced in the last 
12 months, 6.3% of women had experienced anxiety and 10.8% had experienced depression.  
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Table 6. 1: Women’s baseline characteristics in relation to gestational weight gain and 
gestational weight gain categories using 1990 Institute of Medicine (IOM) guidelines 
(N=2979) 
Characteristics  Subjects, n (%) 
Total 
gestational 
weight 
gain in 
kilograms                     
(mean ± 
SD) 
Gestational weight gain per Institute of Medicine (IOM) 
recommendations                                                                                        
n (%) p-value  
Adequate Inadequate  Excess 
Total  2979 14.9 ± 4.97 1216 (40.8) 701(23.5) 1062 (35.7)  
       Age at enrolment        13-19 397 16.1 ± 5.50 148 (37.2) 85 (21.4) 164 (41.3) 
0.13 20-35 2467 14.9 ± 5.08 1024 (41.5)  585 (23.7) 858 (34.8) 
35+ 115 14.1 ± 5.01 44 (38.3) 31 (26.9) 40 (34.8) 
Parity        1 1991 15.3 ± 5.16 795 (39.9) 457 (23.0) 739 (37.1) 
0.17 2 521 14.7 ± 4.96 219 (42.0) 125 (24.0) 177 (34.0) 
3+ 467 14.4 ± 5.23 202 (43.2) 119 (25.5) 146 (31.3) 
Maternal Education        Incomplete high  385 15.5 ± 5.50 139 (36.1) 82 (21.5) 164 (42.6) 
0.04 Complete high  1947 15.0 ± 5.04 804 (41.3) 460 (23.6) 683 (35.1) 
Post high  635 14.9 ± 5.07 270 (42.5) 154 (24.3) 211(33.2) 
Marital status        Liv together_Sep_Div_Wid 329 15.5 ± 5.56 135 (41.0)  68 (20.7) 126 (38.3) 
0.36 
Married  2638 15.0 ± 5.10 1076 (40.8) 630 (23.9) 932 (35.3) 
Smoking during pregnancy       Nil smoking  1651 14.5 ± 4.88 693 (41.9) 429 (26.0) 529 (32.1) 
0.01 1-19 per day  820 15.8 ± 5.22 339 (41.3) 159 (19.4) 322 (39.3) 
19+ per day  494 15.6 ± 5.67 179 (36.2) 107 (21.6) 208 (42.1) 
Physical activity        Often  523 15.6 ± 5.10 215 (41.1) 114 (21.8) 194 (37.1) 
0.77 Sometimes  1581 15.1 ± 5.12 643 (40.7) 371 (23.5) 567 (35.8) 
Never  852 14.8 ± 5.21 348 (40.8) 210 (24.6) 294 (34.6) 
TV watching        <1h/d 358 14.3 ± 4.71 158 (44.1) 106 (29.6) 94 (26.3) 
0.01 
1 to <3h/d 1326 15.1 ± 5.05 534 (40.3) 308 (23.2) 484 (36.5) 
3 to <5h/d 950 15.4 ± 5.38 383 (40.3) 211 (22.2) 356 (37.5) 
≥5h/d 334  15.1 ± 5.26 138 (41.3) 72 (21.6) 124 (37.1)  
Birth Weight  2979      High birth weight (4000-5000 or more) 442 14.1 ± 4.95 119 (26.9) 58 (13.1) 265 (60.0) 
0.01 Low birth weight (less 500-2499) 874 15.5 ± 5.50 287 (32.8) 448 (51.3) 139 (15.9) 
Normal birth weight (2500-3999) 1663 15.1 ± 5.12 1024 (61.6) 201 (12.1) 438 (26.3) 
Hypertensive disorder of pregnancy       No  2693 14.9 ± 5.05 1130 (42.0)  659 (24.5) 885 (33.5) 
0.01 
Yes 286 16.6 ± 5.82 86 (30.1) 42 (14.7) 153 (54.4) 
Menopause status at 27 y       Pre  353 16.1 ± 5.28 145 (41.1) 63 (17.8) 145 (41.1) 
0.01 
Peri  665 14.8 ± 5.24 266 (40.0) 172 (25.8) 227 (34.1) 
Post 1226 14.8 ± 5.06 501 (40.8) 302 (24.6) 423 (34.5) 
Surgical  472 15.6 ± 5.12 201 (42.5) 85 (18.0) 186 (39.4) 
P-value indicates the significance level of the difference between IOM categories and maternal characteristics. We used a 
chi-square test for the categorical data. 
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Table 6.4 examines the multivariable associations between GWG categories and women’s 
mental health at 27 years after pregnancy. In the unadjusted model, women who gained 
excess weight during pregnancy had a 49% (RR: 1.49; 95% CI: 1.16, 1.93) increased risk for 
lifetime anxiety and a 52% (RR: 1.52; 95% CI: 1.10, 2.09) higher risk of co morbid anxiety 
and depression at 27 years postpartum compared with women who had gained adequate 
weight. When the model was adjusted for socio-demographic, behavioural and physiological 
factors the effect estimates were slightly attenuated but remain significant. Women who 
gained inadequate weight during pregnancy had a 35% (RR: 1.35; 95% CI: 1.00, 1.84) higher 
risk for lifetime anxiety and a 42% (RR: 1.42; 95% CI: 1.00, 2.08) increased risk of lifetime 
co-morbid anxiety and depression in the adjusted model. 
 
Table 6.5 provides the results of multivariable analyses of anxiety, depression and co-morbid 
anxiety and depression at 27 years postpartum in relation to the relative change in postpartum 
weight retention from pregnancy. Women who retained total weight 1SD above the mean 
were at a 73% (RR: 1.73; 95% CI: 1.24, 2.48) increased risk of lifetime anxiety compared 
with women whose total weight retention was less than one SD below the mean in the 
unadjusted model. When the model was adjusted for potential confounding factors, the 
strength of association slightly reduced but remained significant. Women who retained total 
weight 1SD above the mean were also at a 47% (RR: 1.47; 95% CI: 1.00, 2.24) increased risk 
for depression in the last 12 months in the adjusted model.  
 
In sensitivity analyses, when we excluded women with an onset of anxiety or depression 
before the index pregnancy, we found the association between excess GWG, but not 
inadequate GWG, and postpartum anxiety to persist. The direction of this association was 
similar to the main analyses. In the adjusted model, women with excess weight gain during 
pregnancy experienced a 35% (RR: 1.35; 95% CI: 1.07, 1.71) increased risk of lifetime 
anxiety at 27 years postpartum. The analysis was repeated for postpartum weight retention. 
Women who retained weight 1SD above the mean were at a 75% (RR: 1.75, 95% CI: 1.29- 
2.37) higher risk of lifetime anxiety (Table S6.1 and Table S6.2).  
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Table 6. 2: Prevalence of CIDI measured depression, anxiety and co-morbid anxiety and depression by gestational weight gain categories at 27 
years postpartum  
Characteristics  N 
Last 12 months (%) Lifetime (%) 
Depression Anxiety 
Comorbidity 
of anxiety and 
depression  
Depression Anxiety 
Comorbidity 
of anxiety and 
depression 
Total (N) 2979 234 109 49 703 291 193 
        GWG by IOM categories        
Adequate  1216 5.9 2.1 1.1 16.7 5.7 2.6 
Inadequate 701 7.4 3.1 1.3 23.3 10.6 7.3 
Excess 1062 9.2 4.6 2.2 24.7 11.6 7.6 
p-value   0.11 0.12 0.25 0.58 0.01 0.03 
• IOM- Institute of Medicine, CIDI- computerized psychiatric interview 
• P-value set at 0.05 as level of significance 
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Table 6. 3: Prevalence of depression, anxiety and co-morbid anxiety and depression by postpartum weight retention (measured by relative 
change) at 27 years postpartum  
Characteristics N 
Last 12 months (%) Lifetime (%) 
Depression Anxiety 
Comorbidity 
of anxiety and 
depression 
Depression Anxiety 
Comorbidity 
of anxiety and 
depression 
Total (N) 1834 124 67 28 410 187 117 
Postpartum weight retention (PPWR)        
Total gain < mean +SD  1546 6.0 3.2 1.4 21.5 9.3 6.0 
Total gain> mean +SD 288 10.8 6.3 2.4 27.1 14.9 8.3 
p-value    <0.001 0.01 0.17 0.04 <0.001 0.14 
• CIDI- computerized psychiatric interview, SD-standard deviation  
• P-value set at 0.05 as level of significance 
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Table 6. 4: Multivariate association between gestational weight gain categories in pregnancy with depression, anxiety and co-morbid anxiety and 
depression at 27 years postpartum (N=2979)  
Model  
Last 12 months (%) Lifetime (%) 
Depression          
(n=234) 
Anxiety             
(n=109) 
Comorbidity of 
anxiety and 
depression               
(n=49) 
Depression              
(n=703) 
Anxiety                   
(n= 291) 
Comorbidity of 
anxiety and 
depression                   
(n=193) 
RR (95% CI) RR (95% CI) 
Unadjusted model        
Adequate weight gain   ref ref ref ref ref ref 
Inadequate weight gain   1.07 (0.77, 1.50) 1.00 (0.60, 1.68) 0.92 (0.41, 2.05) 1.02 (0.86, 1.21) 1.37 (1.02, 1.83) 1.45 (1.01, 2.08) 
Excess weight gain  1.33 (1.01, 1.77) 1.48 (0.97, 2.24) 1.55 (0.83, 2.88) 1.08 (0.93, 1.25) 1.49 (1.16, 1.93) 1.52 (1.10, 2.09) 
 
Adjusted model        
Adequate weight gain  ref ref ref ref ref ref 
Inadequate weight gainª   1.09 (0.78, 1.55) 1.01 (0.60, 1.72) 0.94 (0.42, 2.13) 1.03 (0.84, 1.25) 1.35 (1.00, 1.84) 1.42 (1.00, 2.08) 
Excess weight gain  1.26 (0.94, 1.70) 1.40 (0.91, 2.16) 1.38 (0.72, 2.62) 1.05 (0.89, 1.24) 1.46 (1.11, 1.90) 1.49 (1.07, 2.09) 
* CIDI- computerized psychiatric interview, RR- relative risk and CI- confidence interval 
Adjusted model controls unadjusted model by women age at first clinic visit (FCV), parity, education, marital status, smoking at FCV, physical activity, TV viewing during pregnancy, birth weightª, hypertension 
during pregnancy and menopause status at 27 years 
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Table 6. 5: Multivariate associations between relative change in postpartum weight retention with depression, anxiety and mental health co-
morbid anxiety and depression at 27 years postpartum (N=1834) 
Model  
Last 12 months  Lifetime  
Depression              
(n=120) 
Anxiety             
(n=66) 
Comorbidity of 
anxiety and 
depression                     
(n=28) 
Depression             
(n=399) 
Anxiety                   
(n= 184) 
Comorbidity of 
anxiety and 
depression                     
(n=116) 
RR (95% CI) RR (95% CI) 
Unadjusted model  
      total gain < mean +SD  ref ref ref ref ref ref 
total gain> mean +SD 1.63 (1.11, 2.52) 1.95 (1.16, 3.48) 2.02 (0.86, 4.83) 1.24 (0.97, 161) 1.73 (1.24, 2.48) 1.55 (0.97, 245) 
 
Adjusted model  
      total gain < mean +SD  ref ref ref ref ref ref 
total gain> mean +SD 1.47 (1.00, 2.24) 1.74 (0.95, 3.09) 1.83 (0.75, 4.47) 1.15 (0.88, 1.49) 1.66 (1.16, 2.37) 1.46 (0.91, 2.32) 
* CIDI- computerized psychiatric interview, RR- relative risk and CI- confidence interval 
Adjusted model controls unadjusted model by women age at first clinic visit (FCV), parity, education, marital status, smoking at FCV, physical activity, TV viewing during pregnancy, hypertension during pregnancy 
and menopause at 27 years 
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Discussion  
To our knowledge, this is the first study to have prospectively examined the association 
between pregnancy weight gain and its impact on mental health symptoms more than two 
decades after pregnancy in a large cohort of women. Using data from a 27 years prospective 
follow-up study, we found that women who gained either inadequate weight or excess weight 
during pregnancy were at an increased risk of lifetime anxiety and of lifetime co-morbid 
anxiety and depression. Those women with a total postpartum weight retention one standard 
deviation above the mean were at an increased risk of having experienced depression in the 
last 12 months and of lifetime anxiety. These prospective associations were not explained by 
any of the potential confounders used in this study. These findings suggest that there are long 
term mental health consequences for women who gained either inadequate or excess weigh 
during pregnancy. Those women with increased weight retention post pregnancy are also at 
greater risk of anxiety and depression in later life.      
 
In sensitivity analyses, the temporal association between GWG, PPWR and lifetime anxiety 
was examined by excluding those women with an onset of anxiety before the index 
pregnancy. Women who gained excess weight during pregnancy were found to be at an 
increased risk of lifetime anxiety. Similarly, increased weight retention was also found to be 
associated with lifetime anxiety. These results both support and add to the existing evidence 
that higher weight gain or higher BMI leads to anxiety [8, 42-44]. Moreover, based on this 
result it is also suggested that pregnancy weight gain and mental health are bi-directionally 
linked. Women who have pre-existing psychological problems and become pregnant are at an 
increased risk of psychological and physical unwellness particularly related to gaining more 
weight [4, 45, 46].  
 
The association between GWG and long-term post-partum mental health problems is 
biologically plausible because of the link between GWG, postpartum weight retention and 
long-term obesity [10]. Weight gain during pregnancy and its link with later weight retention 
or mental health may occur because of environmental, biological or genetic predisposition. 
Weight gain or obesity is a state of low grade inflammation and activates the immune system. 
Weight gain has been shown to activate inflammatory pathways [47] and this inflammation in 
turn has been found to be associated with anxiety [48-50]. It is possible that the 
hypothalamic-pituitary-adrenal axis (HPA axis) might also play a role in this association 
because obesity appears to involve HPA-axis dysregulation [51, 52] and HPA-axis 
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dysregulation is well known to be involved in anxiety [53, 54]. However, there is the 
possibility that women who are metabolically inclined to obesity gain excessive weight 
before and during pregnancy and this continues across both the short and long term 
postpartum, thus putting these women at increased risk of mental health related problem.    
 
In our study, we found that 25% of women did not gain adequate weight during pregnancy.  
This compares with a recent study of Australian mothers recruited in 2010-11 which reported 
that 26% of women did not gain adequate weight during pregnancy [55]. We also observed 
that the women who failed to gain adequate weight during pregnancy were at an increased 
risk of anxiety and co-morbid anxiety and depression. With inadequate weight gain in 
pregnancy there is an increased risk of a pre-term or low birth weight child [56, 57]. Low 
birth weight or being a pre-term child is associated with a variety of complications not only 
during childhood but also into adulthood. These include increased risk of diabetes mellitus, 
cerebrovascular disease and hypertension [58]. All these consequences in relation to their 
child’s health may increase the women’s levels of stress and chronic stress may initiate 
changes in the hypothalamic–pituitary–adrenal (HPA) axis and the immune system, which in 
turn can trigger anxiety as well as depression [49, 59]. Another plausible mechanism may be 
concern in relation to weight gain/loss and shape changes associated with the advancement of 
pregnancy. Some pregnant women may continue to acknowledge their pre-pregnancy 
standards for appearance during pregnancy and also feel concern about meeting these 
standards after birth [60]. A concern with body changes from pre-pregnancy can promote 
body image dissatisfaction which may increase during the postpartum [22, 61] and may play 
an important role in the development of depression.  Societal pressure to recover pre-
pregnancy weight may contribute to this dissatisfaction, with women wanting to return to 
their “pre-baby” bodies as quickly as possible postpartum [62].  
 
The findings of this study do have research implications because inadequate weight gain may 
be linked with depression through factors such as body-image dissatisfaction and/or stress. 
These factors can potentially moderate the relationship between obesity and depression. A 
review and meta-analytic examined the relationship between obesity and depression in 
pregnant women but the authors did not assess the role of body image or stress in this 
relationship [63]. Findings among non-pregnant women suggest a bidirectional pathway 
between obesity and depression [64] and that body image dissatisfaction and stress 
significantly modify the association between obesity and depression [64, 65]. These findings 
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highlight the importance of accounting for body image dissatisfaction and stress when 
assessing the relationship between obesity and depression in pregnant women. 
 
Significant associations were also found between post-partum weight retention, lifetime 
anxiety and depression experienced over the last 12 months. But this finding needs to be 
interpreted with some caution. The PPWR and anxiety/depression analyses take place at the 
same time. It is possible that women experienced anxiety/depression during the postpartum 
period, and that their psychopathology caused greater weight gain/retention. However, weight 
data is not available at each follow-up (it was only measured during pregnancy and again at 
21 and 27 years postpartum), therefore limiting our understanding of how weight gain 
occurred over the interceding period, that is, whether it was primarily weight retained or 
gained after delivery (e.g., in the first postpartum year) or steadily gained over time. 
Irrespective of these concerns, our findings are consistent with previous studies [66, 67]. 
However, previous studies were based on small samples, short follow-up periods and did not 
adjust for pre-pregnancy BMI. Our study confirms the associations over a period of more 
than two decades and in a large cohort of women.   
 
A number of confounders reflecting an unhealthy lifestyle, for example, smoking during 
pregnancy, TV watching and lack of physical exercise were incorporated into the analyses 
but these did not attenuate the relationships between gestational weight gain and long term 
anxiety and depression. Marital status, which is a long term predictor of depression [68] did 
not influence our results. We also considered the effect of menopausal status at 27 years, 
because a large proportion of women at follow-up were either in the menopause transition or 
were post-menopausal, a time when hormonal changes particularly associated with estrogen 
are capable of modulating the serotonergic function in the central nervous system that 
increases vulnerability to affective symptoms [69].  However, the adjustment for menopausal 
status did not make any difference to the estimates. It is important to note that in the early 
1980s women were relatively lean and obesity during pregnancy was less prevalent because 
of dietary patterns/physical activity at that time. The possible effect of poor dietary patterns 
commenced during pregnancy and which continue to the post-partum may contribute to the 
development of depression and anxiety symptoms; however, this was not examined due to a 
lack of adequate dietary data.             
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The major strength of this study is that the findings are based on data from a large cohort of 
women who were followed for almost three decades. However, there are also a number of 
limitations associated with this study which we need to consider. The loss of participants to 
follow-up in our study was considerable [25]. The participants lost at different follow-ups 
were commonly the women who were more likely to be from lower socio-economic 
backgrounds and who also reported poorer mental health [25, 70]. Since the loss to follow-up 
has occurred disproportionately this may lead to an underestimation of the strength of the 
associations identified. A further limitation of this study is that weight data is not available in 
each follow-up (it was only measured during pregnancy and again 21 and 27 years 
postpartum), therefore limiting our understanding of how weight gain occurred over the 27 
years postpartum, that is, whether it was primarily retained/gained after delivery (e.g., in the 
first postpartum year) or steadily gained over time. Finally, the estimated association between 
weight gain and anxiety and depression may be overestimated. The study has only included 
two time points, pregnancy was used as a baseline and 27 years post-partum provided the 
endpoint. Inclusion of weight assessed at multiple time points may have reduced this 
overestimation but serial measures of weight were unavailable in our dataset.                        
 
Conclusions 
In summary, this is the first prospective study to provide empirical evidence that women who 
gain either inadequate or excessive amounts of weight during pregnancy are at increased risk 
of anxiety, depression or co-morbid anxiety and depression in later life. However, postpartum 
weight retention also predicts the mental health of women more than two decades after 
pregnancy. Given the paucity of prospective studies with the capacity to examine these 
associations, our findings provide important insights into the implications of weight gain in 
pregnancy and retained weight in the postpartum on women’s long term mental health. 
Guidelines and interventions delivered during pregnancy and during the early postpartum do 
not equip women with the skills to manage their weight or their depression/anxiety over the 
next three decades. Ongoing screening and interventions that take into account women’s 
weight and mental health history during  pregnancy, much as is being suggested in relation to 
adverse events in pregnancy and later cardiovascular risk, can be used to identify women at 
risk and provide ongoing assessment and support. The robustness of our findings in relation 
to anxiety has important clinical implications as anxiety is commonly overlooked.      
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Chapter 7: Association between the chronicity and severity of depression and 
overweight and obesity from pregnancy to 27 years postpartum  
 
7.1 Context 
It is well known that depression is heterogeneous in its occurrence and varies in terms of 
severity and also duration, it can be either persistent or episodic. Chronicity and severity of 
depression are two confounded features of depression, but the association between these two 
distinct features of depression with obesity has not been examined, yet it is likely that both 
play a role in any association.  
 
This study examines the effect of both the chronicity and severity of depression upon body 
mass index (BMI) and waist circumference (WC) and overweight and obesity in women 27 
years after pregnancy. Here overweight and obesity are measured and reported as both BMI 
and WC as these measure different aspects of weight. The study found that chronic 
depression increases both BMI and WC and obesity defined according to the categories of 
BMI and WC. Severity of depression also contributes to increased BMI and WC and this 
increase is more pronounced in women with both moderate and severe depression. As chronic 
and severe depression are confounded, the study also demonstrates that the interaction 
between these two dimensions of depression is associated with central adiposity measured as 
waist circumference. Chronicity and severity of depression was not found to be associated 
with BMI and WC defined overweight. All these association were independent of potential 
confounders.        
 
As obesity is a major risk factor for various chronic conditions and premature death, an 
increased long term risk of obesity induced by depression should be taken into account in the 
treatment of chronic and severe mental disorders. 
 
This Chapter forms a manuscript which has been submitted for publication to the Journal of 
Mental Health in 14 December, 2016 (ID: CJMH-2016-0329).  
 
7.2 The association between the chronicity and severity of depressive symptoms and 
postpartum overweight and obesity among women: A 27 year follow-up cohort study 
Munim Mannan, Abdullah Mamun, Gail M. Williams, Jacob M. Najman, and Alexandra 
Clavarino 
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Abstract  
Background 
Women, during their child bearing years, may experience multiple episodes of depression of 
varying severity and duration. Chronicity and severity are two separate, but typically 
confounded characteristics of depression. More severe levels of depressive symptoms 
generally last longer than mild symptoms. The relative importance of each characteristic, in 
terms of its effect on women’s weight, is somewhat difficult to gauge from previous studies.  
 
Aims: We examined the association between the chronicity and severity of depression with 
both continuous (change in BMI and WC) and categorised measures of overweight and 
obesity in women from pregnancy to 27 years postpartum. 
 
Methods 
A sub-sample of 1599 women from The Mater University Study of Pregnancy (MUSP) 
cohort study were followed-up in pregnancy, at the birth of their child and then again at 6 
months, 5, 14, 21 and 27 years postpartum. At each follow-up, depressive symptoms were 
assessed using the Delusions-Symptoms-States Inventory (DSSI), a self-reported, symptom-
based scale. Chronicity and severity of depression were determined based on depressive 
symptoms measured from pregnancy to 21 years postpartum. BMI and WC were used as 
continuous measures. Overweight and obesity were assessed using BMI and WC as 
categorical variables. Multivariable linear and multinomial logistic regression was used to 
determine the associations between the chronicity of depressive symptoms and the severity of 
depressive symptoms with BMI and WC. Additional regression analyses were performed to 
address the potential issue of collinearity between chronicity and severity of depression and 
to identify the distinct relationships of each dimension of depression with BMI and WC.  
 
Results  
Analysis using chronicity of depression as a categorical variable showed woman who 
experienced chronic depression had an 84% (based on BMI) and 59% (based on WC) greater 
risk of obesity compared with women with no depression at 27 years postpartum. In analysis 
using chronic depression as a continuous variable, women’s BMI and WC increased, on 
average, by 0.40 (95% CI: 0.22, 0.58) for BMI and 0.85 (95% CI: 0.45, 1.25) for WC.  
Women who experienced moderate depressive symptoms were at a 31% (based on BMI) and 
33% (based on WC) increased risk of obesity. Women reporting severe depressive symptoms 
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were at a 56% (based on BMI) and 41% (based on WC) greater risk of obesity compared with 
women reporting no depressive symptoms. Using severity of depression as a continuous 
measure, women’s BMI and WC increased, on average, by 0.26 for BMI and 0.65 for WC. 
The interaction between chronicity and severity of symptoms was found to be associated with 
an increase in WC. All these association were independent of other potential confounding 
factors.  
 
Conclusion 
The results of this study suggest that women who experience chronic and severe depressive 
symptoms during their child bearing years are at greater risk of obesity in later life.  
 
Introduction   
Studies consistently report that women commonly experience episodes of depression during 
their child bearing years [1-3] and this can have potentially negative health consequences for 
the women, their offspring and their families [4-7]. Women, who have experienced 
depression during their child bearing years, are at an increased risk of weight gain and obesity 
[8, 9]. Most of the studies examining these relationships are cross-sectional. The available 
longitudinal studies tend to have short time frames and to have examined the risk of weight 
gain or obesity either in relation to a single episode, or two distinct episodes, of depression 
[8-11]. These studies provide little information about the nature of that depression and how 
often it leads to problems particularly in relation to obesity. There are only two longitudinal 
studies that have examined this association using repeatedly measured depression and found 
that the women are at increased risk of adverse health outcomes associated with obesity [12, 
13]. These studies have only examined the cumulative or chronic effects of depression on 
obesity. The association of both the chronicity and severity of persistent depression across the 
child bearing years with long term overweight and obesity is unknown.  
 
It is known that depression is heterogeneous in its occurrence, ranging from mild to severe 
and can be associated with immobilization or psychosis that impairs normal role functioning 
[14]. Moreover, it may vary in length from days to months; even years and may be persistent 
or episodic [15, 16]. There are two separate, but typically confounded characteristics of 
depression, these are chronicity and severity. More severe levels of depressive symptoms 
generally last longer than mild symptoms [17] and their distinct relationship with the 
development of overweight or obesity has not been assessed. The relative importance of each 
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characteristic, in terms of its effect on weight, is somewhat difficult to gauge from previous 
studies. Women during their child bearing years may experience multiple episodes of 
depression of varying severity and duration [18]. To fully develop the clinical, treatment, and 
prevention implications of depression on women’s weight, it is important to understand the 
conditions under which differences in the different characteristics of depression (i.e. 
chronicity and severity) are likely to cause concern for the development of obesity. The aim 
of this study is to examine the prospective association between both the chronicity and 
severity of depressive symptoms, across women’s reproductive life course, with BMI and 
WC as well as overweight and obesity at 27 years postpartum using a large community based 
cohort in Brisbane.   
 
Method  
Study participants  
Data were taken from the Mater University Study of Pregnancy (MUSP), a prospective 
cohort study following women from pregnancy to 27 years after delivery. Of the women 
recruited into the study, 6,753 subsequently gave birth to a live singleton infant at the Mater 
Hospital in Brisbane, Australia [19, 20]. Data for this study were collected from these women 
prospectively at their first clinic visit (baseline), at birth then again 6 months post birth, 5, 14, 
21 and 27 years after birth. The main analyses were conducted using a subsample of 1599 
women for whom complete data were available on depression from pregnancy to 21 years 
postpartum and BMI and WC data at 27 years follow-up (Figure 1). In this study sample, 
approximately 84% of women had a normal BMI and approximately 10% of women were 
depressed at baseline.  
 
Full details of the study participants and measurements have been previously reported [19, 
20]. Written informed consent from the women was obtained at all phases of data collection. 
Ethics Committees at the Mater Hospital and the University of Queensland approved each 
phase of the study.  
 
Measurements  
Depression   
Depression was examined at five time points, that is at FCV (prenatal measure), 6 months, 5, 
14 and 21 years postpartum using the Delusions-Symptoms-States Inventory (DSSI) which is 
a seven item measure. These seven items were designed to include the primary features of 
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depression [21]. This sub-scale does not produce a clinical diagnosis but identifies the 
psychopathology that limits a person’s capacity to function properly. This measure has high 
internal reliability and validity [21, 22] and has been found to correlate well with other 
established symptoms scales including the Edinburgh Postnatal Depression Scale (EPDS) and 
the Hospital Anxiety and Depression scale [23]. This scale also has a strong correlation with 
the Beck Depression Inventory (BDI) (r= 0.76) when this instrument was applied to a sub-
sample of 747 MUSP women.  
 
In the present study, the women were categorised as experiencing depressive symptoms 
based on their score for the seven items forming the scale. The scores for each item ranged 
from 1 to 5 (never, rarely, some of the time, most of the time, or all the time). When summed 
this provided a total score range of 7-35 for the scale. Women with a total score >1 standard 
deviation (1SD) above the mean (depression score 13.9 and above) were considered to be 
depressed [24].  
 
Severity of depressive symptoms  
For the purpose of the present study, severity of depressive symptoms was defined in two 
ways. We defined a continuous measure of severity that accounted for the maximum number 
of depressive symptoms (from 0 to 7) ever reported on a single administration of the 
Delusions-Symptoms-States Inventory depression subscale (M=1.99, SD=1.93). Secondly, 
we also operationalized categories of symptom severity for each administration as follows: 
women who reported never experiencing any symptoms or not more than one symptom of 
depression at each point in time were categorised as having no depressive symptoms, women 
who reported experiencing two or three symptoms, all or most of the time, were considered to 
have a moderate level of depressive symptoms and women who reported experiencing four or 
more symptoms all or most of the time were considered to have severe depressive symptoms 
[25].  
 
Chronicity of depressive symptoms  
Chronicity of depressive symptoms was defined based on the frequency of episodes the 
women experienced over successive follow-up periods. Chronicity was assessed using the 
continuous measure, it was defined according to the number (from 0 to 6) of Delusions-
Symptoms-States Inventory administrations on which the women reported either no, 
moderate or severe levels of depressive symptoms (M=2.19, SD=1.85). Accordingly, women 
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were categorize as follows: no depressive symptoms when the frequency of episodes was 
either none or once over the follow-up periods, moderate chronicity occurred when women 
reported the experience of depression symptoms two or three times and chronic when the 
women reported episodes  of depressive symptoms between four and six times [25].  
 
Collinearity of chronicity and severity of depressive symptoms  
The measure of chronicity is, in part, dependent on the measure of severity and these two 
variables are highly correlated (correlation r=0.73). To offset the potential issue of 
collinearity and to determine the distinct relationships between severity and chronicity of 
depression with BMI and WC, we created four non-overlapping comparison groups. These 
were: (a) neither severe nor chronic depressive symptoms (b) chronic but not severe 
depressive symptoms (c) severe but not chronic depressive symptoms (d) both chronic and 
severe depressive symptoms. 
 
Body mass index (BMI) and waist circumference (WC) 
In this study, BMI and WC were used as continuous and categorical (overweight and obese) 
variables. Categories of BMI and WC were used to define overweight and obesity because 
the evidence indicates that WC coupled with BMI predicts health risk better than does BMI 
alone [26, 27]. It is also important when studying mid-aged women to measure obesity using 
WC because this captures information about central adiposity, and accounts for differences in 
the density and distribution of lean versus adipose tissue.  
 
Women’s weight and height was measured at the 27 years follow-up. Height was measured 
without shoes using a portable stadiometer to the nearest 0.1 cm. Weight was measured in 
light clothing with a scale accurate to 0.2 kg. Two measures of weight and height were taken 
with a 5-minute interval, and the mean of these two measures was used in all analyses. BMI 
was calculated based on these measures of height and weight (weight in kilograms divided by 
the square of height in meters, i.e. kg/m²). BMI was then categorised based on the WHO 
classification, that is  normal (normal & underweight-BMI<25 kg/m²), overweight (BMI≥ 
25–29 kg/m²) and obese (BMI ≥30 kg/m²) [28]. At 27 years, the waist circumference of the 
women was measured horizontally using a tape (provided by Sullivan’s Haberdashery & 
Craft Wholesalers, Australia) roughly in line with the participant’s navel or belly button, 
directly against the skin without compressing the skin. The measurement was done twice and 
the average of these two measures was used and categorised using the WHO cut offs for adult 
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women where <80cm is considered as normal, 80-<88cm as overweight and ≥88cm as obese 
[28]. 
 
Potential confounders 
There were a number of demographic characteristics (age, race, parity, income, education and 
marital status) which were included as potential confounders as they have reported 
associations with both depression and obesity [29-33]. The following data were all obtained 
at first clinic visit. Women’s age was recorded (as date of birth) in the respondent’s 
obstetrical history. It was scored to the nearest year at the first obstetric visit. Age was 
included as a continuous measure in this study. Women were also asked about their race and 
whether they belonged to the one of the following groups: non-white or White. Parity was 
recorded from the women’s medical history. Women’s self-reported education was 
categorised into incomplete high school, completed high school and post high school. 
Women’s marital status was categorised into the following: single/separated-divorced-
widowed or married-living together. Total family income information at recoded into the 
categories of AUS $10,400 or less and AUS $10,400 or more. 
 
Statistical analysis   
Descriptive statistics were used to calculate percentages, frequencies, means and standard 
deviations. The Student t-test and Chi-squared test were used to compare the characteristics 
of those women who did and did not provide information about BMI and WC at the 27-year 
follow-up.    
 
In this study, both the exposure (chronicity and severity of depression) and outcome (BMI 
and WC) variables were measured using both continuous and categorical scales. To estimate 
the association between exposures and outcomes, linear and multinomial logistic regression 
was used. Initially we used an unadjusted model and then adjusted further using the other 
potential confounders (age, race, parity, education, income, marital status at first clinical 
visit) to assess the relationship between severity and chronicity of depression with each 
outcome. An additional regression analysis was undertaken to examine whether chronicity 
and severity of women’s depression might interact in their prediction of BMI and WC. To 
better interpret this interaction and to counteract the potential collinearity, we examined the 
association between chronicity and severity of depression and their interactions in four non-
overlapping comparison groups with BMI and WC related overweight and obesity at 27 years 
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by using linear and multinomial logistic regression. For missing data management, a multiple 
imputation method was used to impute missing data from the sub-sample of 1599 women. To 
increase the statistical precision, all the multivariable analyses were conducted using the 
multiple imputation data [34].  
 
As the study sample size had reduced significantly due to systematic attrition over the follow-
up periods and it might have possible effects on the generalisability and validity of the results 
we therefore used inverse probability weighting [35] with robust estimates for standard errors 
to account for those lost to follow-up. Baseline variables that were associated signiﬁcantly 
with the outcome were included in this exploratory logistic regression model to determine 
whether those subjects remaining in the study differed signiﬁcantly from those not included 
in this study. The inverse probability analysis replicated all the associations in the main 
analysis. The results from subsequent analyses (Appendix Table S7.4 and Table S7.5), 
including inverse probability weightings, did not differ from the unweighted analyses, 
suggesting that our results were not substantially affected by selection bias. 
 
In this study, all analyses were undertaken using Stata version 13.0 (Stata Inc., Texas). 
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Figure 7. 1: Selection and recruitment of the MUSP cohort [19]  
 
Investigation of missing data 
The distribution of study covariates for women who did and did not provide BMI and WC 
data at the 27 year follow-up is shown in Table 7.1. Of the 6753 women who were eligible 
for this study, 1599 women (23.7%) provided information regarding depressive symptoms, 
BMI and WC. Multiple imputations were carried out to adjust for missing data [36]. The 
same subset (1599) was used to impute the missing values on study covariates. An imputation 
model was devised using the recommendations of Van Buuren et al. [37]. The model 
included all of the covariates excluding the main predictor and outcome. The data on 
covariates were assumed to be ‘missing at random’[38].  
 
We imputed the missing data based on the percentage of missing data on covariates [39]. The 
proportion of missing data ranged from 0% to 20% for all variables. For the purpose of this 
paper, data were imputed for all covariates except age, where the amount of missing data was 
First clinical visit 
(FCV ) and at birth 
6-months follow-
up
5-years follow-up
14-years follow-up
21-years follow-up
27-years follow-up
6753 women original cohort at FCV
(6597 mothers provided usable depression information at FCV)
6274 women provided data (attrition 7.3%)
4911 women provided data (attrition 27.3%) 
4609 women provided data (attrition 31.7%) 
3754 women provided data (attrition 44.4%) 
3561 women provided data (attrition 47.3%)
( 2060 mothers provided usable BMI and WC data at 27 F/U) 
1599 women provided usable data 
about depression, anxiety (from 
FCV to 21 years) and BMI and 
WC at 27 years
5015 women were excluded  
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zero. For each of the completed datasets, a logistic regression was performed (inclusion of all 
predictor variables without outcome), from which the estimate of interest and its estimated 
variance was obtained. The results from the logistic regression modelling of the different 
datasets were combined using the rules given by Rubin to produce a multiple imputation 
estimate [40]. This was performed in Stata version 13.0 (Stata Corporation, College Station, 
TX, USA). The relationship between ‘missingness’ (yes vs no) and the covariates were 
assessed using logistic regression.  
 
Our analyses show that those excluded because of missing data or loss to follow-up were 
more likely to be young when they gave birth, the majority were Caucasian, of higher parity, 
they were more likely to have not completed high school and were more likely to be single. 
Those who provided information were more likely to be older, of lower parity, better 
educated; the majority were Caucasian and married.  
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Table 7. 1: Comparison of the characteristics of the women who have been included versus 
those who have been excluded at the 27 years postpartum follow-up of the MUSP cohort 
study  
Women’s 
characteristics  
Number 
(N) 
Women who have 
been included in the 
analysis          
(n=1599) 
Women who have 
been excluded from  
the analysis               
(n=4998) 
Adjusted OR          
(95% CI) 
P-value²  
Age* (mean ±SD) 6597 26.3 ± 4.95 25.0 ± 5.16 1.09 (1.06, 1.11) <0.001 
Race      
White  5725 1488 (94.7) 4237 (87.5) 1.00 (ref)  
Asian  276 45 (2.86) 231 (4.77) 0.57 (0.36, 0.90)  
Aboriginal-Islander 410 38 (2.42) 372 (7.69) 0.54 (0.35, 0.84) <0.001 
Parity       
No previous child 2383 597 (37.3) 1786 (35.7) 1.00 (ref)  
1-2 child  3066 753 (47.1) 2313 (46.3) 0.91 (0.76, 1.10)  
3 or more child  1148 249 (15.6) 899 (18.0) 0.63 (0.47, 0.83) 0.07 
Income      
AUS $10,400 or 
less 
4042 1133 (74.2) 2909 (62.6) 1.00 (ref)  
AUS $10,400 or 
more 
2136 395 (25.8) 1741 (37.4) 0.88 (0.74, 1.06) <0.001 
Education       
Incomplete high  1168 199 (12.5) 969 (19.5) 1.00 (ref)  
Complete high  4214 1031 (64.7) 3183 (64.2) 1.17 (0.92, 1.49)  
Post high  1171 363 (22.8) 808 (16.3) 1.37 (1.04, 1.81) <0.001 
Marital status       
Single  711 104 (6.54) 607 (12.2) 1.00 (ref)  
Living together  802 111 (6.98) 691 (13.9) 0.89 (0.60, 1.32)  
Married  4859 1349 (84.9) 3510 (70.7) 1.21 (0.87, 1.67)  
Sep-div-wid 180 26 (1.64) 154 (3.10) 0.71 (0.37, 1.39) <0.001 
Adjusted for all other variables in table 
²P indicates the significance level of the difference by the characteristics of women who have been included in the 
analysis vs. women who were not included in the analysis. We used t-tests for continuous data and a chi-square test 
for categorical data.CI- confidence interval, SD - standard deviation, OR- odds ratio, FCV- first clinical visit and sep-
div-wid – separation, divorce and widow, * age reported as mean ±SD  
 
Results 
Table 7.2 presents means as well as prevalence of overweight and obesity in terms of BMI 
and WC categories at 27 years postpartum by chronic and severe depressive symptoms. 
Women who experienced chronic depressive symptoms had a greater mean BMI (30.7 kg/m²) 
and WC (95.3cm) compared with women with moderate or no depressive symptoms. A 
higher prevalence of obesity in terms of BMI categories (47.7%) and WC categories (49.7%) 
was also observed among women with chronic depressive symptoms. When depression was 
defined according to severity, women with severe depressive symptoms had a greater mean 
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BMI (30.1 kg/m²) and WC (94.4 cm). A similar pattern was also observed for women with 
moderately severe depressive symptoms.   
 
Table 7.3 examines the association between chronicity of depressive symptoms and BMI and 
WC defined overweight and obesity (both exposure and outcome are presented here as 
continuous and categorical variables) at the 27 year follow-up. In the unadjusted model, 
women who experienced one additional episode of depression, reported an average increase 
in BMI of 0.43 [BMI, β=0.43 (0.25, 0.61)] and for WC an average increase of 0.96 [β=0.96 
(0.57, 1.36)]. For each additional episode of chronic depression women experienced, a 
greater average increase in BMI and WC [BMI, β= 2.03 (1.21, 2.85) and WC, β=4.50 (2.71, 
6.29)] was observed at 27 years postpartum. When each outcome (BMI and WC) was 
categorised, women who reported chronic depressive symptoms were at an 89% increased 
risk of being obese in terms of BMI [RR for BMI: 1.89 (1.39, 2.58)] and a 63% greater risk 
of being obese in terms of WC [RR for WC: 1.63 (1.17, 2.28)] compared with women who 
had no or one depressive episode. These associations remained consistent and robust after 
including other potential confounders in the full adjusted model.  
 
Table 7.4 presents the relationship between severity of depressive symptoms with the 
continuous and categorical measures of BMI and WC related overweight and obesity at 27 
years after childbirth. When measured as continuous variables a linear association was 
observed between severity of depressive symptoms, BMI [BMI, β=0.30, (0.13, 0.47) and 
WC, β=0.77, (0.39, 1.15)] in the unadjusted model. Women with moderate and severe 
depressive symptoms also had increased BMI [moderate level, β: 0.97 (0.19, 1.74); high 
level, β: 1.45 (0.57, 2.33)] and WC [moderate level, β: 2.15 (0.46, 3.83); high level, β: 3.83 
(1.90, 5.75)] 27 years after pregnancy. When the outcomes (BMI and WC) were categorised, 
women who had experienced moderate depressive symptoms had a 34% increased risk of 
obesity [RR: 1.34 (1.01, 1.78)] and those reporting severe depressive symptoms were at a 
62% [RR: 1.62, (1.16, 2.25)] increased risk of obesity. In relation to categories of WC, 
women with moderate depressive symptoms had a 36% [RR: 1.36, (1.01, 1.83)] increased 
risk of obesity and in women with severe depressive symptoms the increased risk was 44% 
[RR: 1.44, (1.03, 2.02)] compared with women experiencing no depressive symptoms. This 
association remained consistent after adjusting for potential confounders in the full adjusted 
model.    
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The interaction between severity and chronicity of depression  
There was no significant interaction between severity and chronicity of depression when 
assessed using the two measures of BMI. However, a linear association was observed when 
obesity was assessed using WC as a continuous scale [linear regression, β: 0.24, (0.02, 0.19)] 
(Table S1). To address the interaction and to counteract the problem of collinearity, an 
additional regression analysis was undertaken where the outcome WC was measured based 
on four non-overlapping groups composed of chronicity and severity of depressive symptoms 
(outlined above in the methods section). A linear association was observed among women 
who experienced both chronic and severe depressive symptoms with WC [WC, β= 2.45 
(0.81, 4.08)] (Table S2).  
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Table 7. 2: Mean and prevalence of BMI and WC by chronicity and severity of depressive symptoms at 27 years postpartum (n=1599).  
Depressive symptom 
characteristics  N 
BMI (kg/m²) 
mean (SD) 
BMI categories (%)   
N WC (cm)               mean (SD) 
WC categories (%) 
Normal 
(n=461) 
Overweight 
(n=533)  
Obese 
(n=605)   
Normal 
(n=333) 
Overweight 
(n=339) 
Obese 
(n=927) 
Chronicity              
No chronic depression 670 27.7 (6.43) 38.6 27.2 34.2  661 89.1 (13.7) 40.3 28.3 31.4 
Moderate    501 28.6 (6.28) 32.7 32.9 34.3  498 90.8 (14.2) 32.2 24.3 43.5 
Chronic  428 30.7 (7.57) 22.2 30.1 47.7  423 95.3 (16.0) 21.7 28.6 49.7 
p-value  <0.001 <0.001   <0.001 0.003 
Severity             
No severe depression 823 27.6 (6.32) 41.4 24.3 34.4  812 90.6 (13.7) 42.6 23.2 34.2 
Moderate   459 29.6 (6.99) 27.5 32.2 40.3  458 92.8 (15.1) 34.0 20.3 45.7 
Severe  317 30.1 (7.39) 24.3 32.5 43.2  312 94.4 (16.0) 28.9 17.4 53.7 
p-value  0.001 0.03   0.001 0.02 
p-value indicates the significance level  
SD-standard deviation  
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Table 7. 3: Multinomial and linear regression showing associations between chronicity of depressive symptoms BMI and WC measured both as 
continuous and in categories, expressed as β and RR, respectively, with 95% confidence interval [CI]; n=1599) 
Model  Depression characteristics  
BMI (kg/m²)                       
(β, 95% CI)  
BMI categories                                                                                           
(RR, 95% CI)    WC (cm)                        
(β, 95% CI)  
WC categories                                                                                        
(RR, 95% CI) 
Normal  Overweight  Obese   Normal  Overweight  Obese  
Unadjusted 
model  
Depression  
Chronicity (con.) 0.43 (0.25, 0.61) 1.00 (ref) 1.02 (0.95, 1.10) 1.15 (1.07, 1.23)  0.96 (0.57, 1.36) 1.00 (ref) 1.03 (0.95, 1.13) 1.10 (1.02, 1.17) 
Chronicity (cat.)           
No chronic 
depression  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate    -0.01 (-0.78, 0.77) 1.00 (ref) 0.85 (0.64, 1.13) 0.92 (0.69, 1.23)  -0.04 (-1.74, 1.65) 1.00 (ref) 0.75 (0.53, 1.06) 0.88 (0.66, 1.18) 
Chronic  2.03 (1.21, 2.85) 1.00 (ref) 1.15 (0.83, 1.59) 1.89 (1.39, 2.58)  4.50 (2.71, 6.29) 1.00 (ref) 1.19 (0.80, 1.76) 1.63 (1.17, 2.28) 
Full 
adjusted 
model  
Chronicity (con.) 0.40 (0.22, 0.58) 1.00 (ref) 1.03 (0.96, 1.10) 1.14 (1.06, 1.22)  0.85 (0.45, 1.25) 1.00 (ref) 1.04 (0.95, 1.13) 1.08 (1.00, 1.16) 
Chronicity (cat.)           
No chronic 
depression  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate     -0.04 (-0.82, 0.73) 1.00 (ref) 0.85 (0.64, 1.14) 0.91 (0.68, 1.22)  -0.16 (-1.87, 1.53) 1.00 (ref) 0.75 (0.52, 1.06) 0.86 (0.64, 1.16) 
Chronic  1.98 (1.18, 2.72) 1.00 (ref) 1.18 (0.84, 1.65) 1.84 (1.33, 2.53)  4.35 (2.52, 5.98) 1.00 (ref) 1.23 (0.82, 1.84) 1.59 (1.09, 2.16) 
Full adjusted model included age, race, parity, education, income and marital status.  
RR- relative risk, CI- confidence interval, BMI-body mass index, WC-waist circumference  
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Table 7. 4: Multinomial and linear regression showing association between severity of depressive symptoms and BMI and WC measured both in 
continuous and in categories expressed as β and RR, respectively, with 95% confidence interval [CI]; n=1599 
Model  Depression characteristics  
BMI (kg/m²)                       
(β, 95% CI)  
BMI categories                                                                                            
(RR, 95% CI)    WC (cm)                        
(β, 95% CI)  
WC categories                                                                                          
(RR, 95% CI) 
Normal  Overweight            Obese             Normal                        Overweight  Obese                           
Unadjusted 
model  
Depression  
Severity (con.) 0.30 (0.13, 0.47) 1.00 (ref) 1.04 (0.97, 1.11) 1.10 (1.03, 1.18)  0.77 (0.39, 1.15) 1.00 (ref) 1.00 (0.92, 1.08) 1.08 (1.01, 1.16) 
Severity (cat.)           
No severe 
depression 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate   0.97 (0.19, 1.74) 1.00 (ref) 1.07 (0.80, 1.44) 1.34 (1.01, 1.78)  2.15 (0.46, 3.83) 1.00 (ref) 1.06 (0.74, 1.52) 1.36 (1.01, 1.83) 
Severe  1.45 (0.57, 2.33) 1.00 (ref) 1.22 (0.87, 1.73) 1.62 (1.16, 2.25)  3.83 (1.90, 5.75) 1.00 (ref) 0.92 (0.60, 1.40) 1.44 (1.03, 2.02) 
Full 
adjusted 
model  
Severity (con.) 0.26 (0.08, 0.44) 1.00 (ref) 1.04 (0.97, 1.12) 1.09 (1.02, 1.17)  0.65 (0.26, 1.03) 1.00 (ref) 1.00 (0.92, 1.09) 1.07 (1.00, 1.14) 
Severity (cat.)           
No severe 
depression  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate   0.93 (0.12, 1.68) 1.00 (ref) 1.10 (0.81, 1.47) 1.31 (1.00, 1.75)  2.10 (0.34, 3.62) 1.00 (ref) 1.10 (0.76, 1.58) 1.33 (1.00, 1.80) 
Severe  1.41 (0.44, 2.14) 1.00 (ref) 1.27 (0.89, 1.80) 1.56 (1.11, 2.18)  3.76 (1.75, 5.58 1.00 (ref) 0.95 (0.62, 1.47) 1.41 (1.01, 1.97) 
Full adjusted model included age, race, parity, education, income and marital status.  
RR- relative risk, CI- confidence interval, BMI-body mass index, WC-waist circumference  
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Discussion  
This is the first study to have separately assessed the association between the chronicity and 
the severity of depressive symptoms with BMI and WC and BMI and WC categories for 
obesity in women over a period of 27 years. Our study provides evidence about the long term 
impact of depression on weight, and highlights the vulnerability of women experiencing 
chronic and severe depressive symptoms, over their reproductive life course, to becoming 
obese. The findings are important in that they identify a subgroup of women, experiencing 
chronic and severe depression, who are at greatly increased risk of obesity.  
 
The findings should be used cautiously as establishing a causal sequence is not straight 
forward in the case of depressive symptoms. Generally mood disorders (depression and 
anxiety) begin at a young age [41]. The second issue in establishing a causal sequence is that 
depression are chronic or recurrent in nature [42], so having a recent disorder tends to mean 
that the respondent has a history of such disorders. We cannot examine the causal link 
because DSSI measured depression data before pregnancy is not available in our dataset.  
  
There are numbers of plausible explanations for the link between severity and chronicity of 
depression with higher adiposity [43, 44] or obesity [32]. This association may be due to 
changes in lifestyle behaviours; particularly the effect depression has upon patterns of eating 
and physical activity. Several population based studies have reported an association between 
higher scores on measures of depressive symptoms with lower diet quality [45-47]. This 
association may also be driven by changes in appetite, a key symptom of severe depression 
itself [48]. Persistent or chronic depression coupled with severe depression has also been 
associated with a decrease in leisure time physical activity [49, 50]. It is plausible that more 
severe depression would correlate with reduced physical activity due to greater fatigue and 
loss of energy, both of which are also symptoms of depression, and result in weight gain.   
 
The repeated activation of the hypothalamic pituitary adrenal (HPA) axis [51, 52] provides a 
plausible physiological mechanism linking chronic depression and obesity. This chronic 
activation of the HPA axis is associated with inflammation and glucocorticoid signalling, 
where the glucocorticoids have been shown to promote the deposition of fat by impairing 
insulin activity [53]. Glucocorticoids are also involved in promoting the differentiation and 
proliferation of human adipocytes and have been shown to be positively associated with all 
indices of obesity such as elevated BMI and an increase in abdominal fat (WC) [51-53].  
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Our findings show that women who experience chronic and severe depressive symptoms are 
more vulnerable to developing obesity in later life. Reviews of gene-environment interaction 
studies suggest that individuals may exhibit variable levels of vulnerability to external 
experiences [54]. Women with higher levels of chronic and severe depressive symptoms were 
more often younger, not married and with lower educational attainment (Table S3). It may be 
that these women consistently experience higher levels of adversity over their life-course. It 
may also be the case that this study has identified a group of women characterised by a 
depressive phenotype. There is consistent evidence that mental illnesses (including 
depression) have a substantial genetic basis [55, 56] and genetic factors may account for the 
appearance of a phenotype of women who experience high levels of chronic and severe 
depressive symptoms.  
 
In our study, the relationships between chronicity and severity of depressive symptoms and 
obesity remained significant when women’s age, parity, income, education and marital status 
were controlled. The significance of the relationship suggests that the outcome is not solely 
due to socio-demographic risks associated with women’s depressive symptoms. However, it 
is important to emphasize that in this study we cannot claim that experiencing chronic and 
severe depressive symptoms was the cause of increased obesity. There may be other 
biological and genetic causes that account for the negative effects of mental health on weight 
that we observed. The current study does not have the capacity to address these more 
complex genetic and biological aspects of the relationship between chronicity and severity of 
depressive symptoms and obesity.   
 
A major strength of this study is that it is a large community-based study and it uses 
prospective data collected at multiple time points over a 27 year period. These multiple 
follow-up investigations allowed us to define both the chronicity and severity of depressive 
symptoms. In addition, weight, height and waist circumference data at 27 years were 
objectively measured and thus provided accurate measures of both BMI and WC. Our study 
does have some limitations. Firstly, in this cohort, there is a concern about loss to follow-up. 
Only 1599 women were including in this study from the 6753 recruited women at baseline. 
Due to this attrition the estimates of association presented may be conservative. Secondly, in 
this cohort gaps between phases of the study were comparatively long and irregular in 
duration (FCV to pregnancy, pregnancy to immediate after pregnancy, after pregnancy to 5 
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years; 5–14 years and 14–21 years) and may have influenced the strength of the associations 
reported here. Thirdly, in defining chronicity, there may be a concern about how well our 
measures reflect this concept. Chronicity was defined on the assumption that the symptoms 
women reported were long lasting and continuing from one follow-up to the next. In fact, 
repeated reports of depressive symptoms in our study might reflect the recurrence of 
symptoms rather than their chronicity. This is a particular concern when a long period of time 
exists between reports of symptoms, as in the case of the extended time period between the 
follow-ups. This definition of chronicity may conflict with the definition of recurrence of 
depression reported in clinically based studies [57]. Finally, the measure of depression in the 
present study is self-reported symptoms and does not represent a clinical diagnosis of 
depression. Although it does share items with the EPDS [58], another non-diagnostic 
measure, which is commonly used in both clinical and research situations. In a previous study 
the DSSI was found to have significant agreement with patients’ self-report and their 
psychiatrists’ ratings [23, 59].  
 
The findings of this study are of public health importance and add to the available evidence 
that women may be at risk of higher BMI and WC two decades after pregnancy due to the 
heterogeneous features – chronicity and severity of depression. For clinical practice, 
chronically depressed women are at increased risk of obesity and its associated health risks 
over the long term. It is important to monitor these women on a regular basis for better 
management of their mental health and other related co-morbid conditions in later life. This 
finding provides a strong basis to consider the nature and subtypes of depressive diagnoses in 
future research. In addition, there is also a need for further studies examining whether 
interventions for chronicity and severity of depression are effective in reducing the longer 
term risk of obesity.  
 
Conclusion  
This prospective study provides evidence for the association of both the chronicity and 
severity of depressive symptoms with the BMI and WC measured obesity among women 27 
years after pregnancy. However, the study highlights the importance of managing both 
chronic and severe symptoms in terms of women’s psychological wellbeing to avoid the 
occurrence of other related co-morbidities particularly obesity in later life. 
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Chapter 8: Association between the timing of depression across a woman’s 
reproductive life course and the subsequent experience of overweight and obesity 
 
8.1 Context  
The evidence of an association between obesity and depression in terms of direction and 
strength has been found to vary with the timing of depression during childbearing period. A 
recent review examined whether depression in the ante or postnatal period increases the risk 
for the subsequent development of obesity. But the results of the review were inconclusive. 
There is a lack of evidence from longitudinal studies regarding the timing of depression and 
its association with obesity among women over their reproductive life course.    
 
Using data from a community based multi-follow-up longitudinal study, two time periods are 
defined, these are depression around pregnancy and depression during the child rearing 
period. The results of this study found that depression around pregnancy was significantly 
associated with obesity in terms of body mass index, waist circumference and waist to hip 
ratio more than two decades after pregnancy. However, depression during the child rearing 
period was not found to be associated with obesity regardless of how this was measured. 
After combining these two periods to construct patterns of depression occurring through 
pregnancy and childrearing, this study also demonstrated that women who were depressed 
around pregnancy but not in the child rearing period and women who were persistently 
depressed over these two periods were at a significantly higher risk of obesity based on 
measures of waist circumference and waist to hip ratio but not BMI. These associations 
remained independent after adjusting with the potential confounders.  
 
The study is significant in number of ways. Firstly, depression around pregnancy appears to 
be an important period and is associated with an increased risk of long term obesity compared 
with depression experienced at others period of the reproductive life course. Secondly, it 
appears to be central adiposity, rather than obesity measured simply as BMI, that is 
important.  
 
This Chapter forms a manuscript which has been submitted for publication to the Asian 
Journal of Psychiatry in 28 February, 2017 (ID: AJP_2017_129).  
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8.2 Does timing of depression matter for women’s long term overweight and obesity – a 
population based longitudinal cohort study  
Munim Mannan, Abdullah Mamun, Gail M. Williams, Jacob M. Najman, and Alexandra 
Clavarino 
 
Abstract  
Background  
Depression during the childbearing period has been found to be associated with obesity. 
Whether this association differs with the timing of depression has not yet been adequately 
addressed.  
 
Objective 
To investigate whether differences in the timing of depression experienced during the 
childbearing years differentially affects the strength of association with overweight and 
obesity at 21 years postpartum.       
 
Method  
A sub-sample of 3385 women from an original cohort of 6753 women from the Mater-
University of Queensland Study of Pregnancy (MUSP) was used for this study. Depressive 
symptoms were measured using the Delusions Symptoms-States-Inventory (DSSI) at four 
periods (first clinic visit, 6 months, 5 and 14 years). Self-reported height, weight, waist and 
hip measurements were collected at 21 year postpartum. These were used to calculate Body 
Mass Index (BMI), Waist Circumference (WC) and Waist-Hip-Ratio (WHR). Timing of 
depression was categorised into two time periods. Depression around pregnancy was 
constructed by combining the data from pregnancy and 6 months after pregnancy. Depression 
during the child rearing period was composed of depressive symptoms reported at the 5 and 
14 year follow-up phases. Multivariate linear and multinomial logistic regression were used 
to examine the association between depressive symptoms at different time periods with 
overweight and obesity measured using BMI, WC and WHR at 21 years postpartum.    
 
Results  
Women who experienced depressive symptoms around pregnancy were at an increased risk 
of becoming obese on all measures at 21 years. No significant association was found between 
depressive symptoms experienced during the child rearing period and overweight or obesity 
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at 21 years postpartum. Women who experienced depressive symptoms around pregnancy but 
not during the child rearing period had a 62% (RR: 1.62, 95% CI: 1.33, 2.12) increased risk 
of obesity on the basis of WC and more than twice (RR: 2.08, 95% CI: 1.57, 2.84) the risk of 
obesity based on WHR compared with women who did not experience depressive symptoms 
at either period. Women who reported persistent symptoms of depression over these two time 
periods were also at greater risk of obesity in terms of both WC and WHR. These association 
remained significant independent of the potential confounding factors included.  
Conclusion  
Depressive symptoms experienced during pregnancy and the early postpartum, as well as 
depressive symptoms that persist from pregnancy through the child rearing period, increase 
women’s risk of obesity as they age. Targeting women experiencing symptoms of depression 
during these periods may help to reduce long term weight related health problems.   
 
Introduction  
Women, during their childbearing years, are at risk of experiencing depressive episodes [1]. 
Depression commonly occurs during pregnancy and in the postpartum but also is associated 
with child rearing [2, 3]. Pregnancy is a period of hormonal, biological and psychosocial 
changes that increase vulnerability to, or the return of depression [4-6]. With childrearing, 
women may face additional stressors as parents caring young and adolescent children which 
may contribute to mental health problems [7]. These two periods are relatively stressful for 
women physically and psychologically compared to other periods [8, 9]. A number of studies 
have examined the association between depression during pregnancy and early childrearing 
with obesity [10-13] and have reported mixed results. A recent review examined the 
association between depression during pregnancy and the postpartum with obesity using both 
cross-sectional and prospective studies; however, the effect of the timing of depression on 
later obesity remained inconclusive [14]. As the severity of depression appears to vary across 
these time points [15, 16], it is likely that the timing of depression may be important for the 
later development of obesity.  
 
It is also likely that the association between depression and obesity occurs over a long period 
of time. This study is based on a large community-based cohort of women, followed up for 
21 years after the birth of their child. This cohort is well suited to examining the association 
between timing of depression during child bearing years with overweight and obesity more 
than two decades after pregnancy.   
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Methods  
Study participants  
The data are from the Mater-University of Queensland Study of Pregnancy (MUSP). This is a 
prospective study of 6753 women who were recruited at the time of antenatal care (at an 
average of 18 weeks’ gestation) at a major public hospital in Brisbane between 1981 and 
1983 and delivered a live child [17, 18]. Women were invited to complete an initial 
questionnaire and were then followed-up prospectively. The present study is based on a sub-
sample of 3385 women who provided complete information about their height, weight, waist 
and hip measurements at the 21 year follow-up and for whom data were available for 
depression at pregnancy, 6 months postpartum, and at 5 and 14 years after birth. To collect 
information at all follow-up phases, written informed consent was collected from all women. 
Ethics committees at the Mater Hospital and the University of Queensland approved each 
phase of the study.          
 
Measurement of depressive symptoms  
Women’s depressive symptoms (depression) were measured using a seven-item subscale 
from the Delusions Symptoms-States-Inventory (DSSI) [19]. The DSSI was developed by 
clinicians, using clinical criteria. It has good internal validity [20] and compares well with 
other hierarchical models of psychiatric illness [21]. The DSSI items correlate strongly with 
the items of the Edinburgh Postnatal Depression Scale (EPDS) [22]. However both the scales 
have the disadvantage of not being a clinical diagnostic tool [15]. 
 
To assess the presence of depressive symptoms, the DSSI subscale uses questions about how 
the respondent had been feeling (answers: all the time = 4, most of the time = 3, some of the 
time = 2, rarely = 1 and never = 0). Question included: ‘Have been so miserable had 
difficulty sleeping’, ‘Have been depressed without knowing why’, ‘Have gone to bed not 
caring if ever woke up’, ‘Been so low in spirit that have sat up for ages doing absolutely 
nothing’, ‘Future seems hopeless’ ‘Have lost interest in just about everything’ and ‘Been so 
depressed that have thought of doing away with self’. Higher scores reflect the experience of 
more depressive symptoms. In the present study, a total depression score for these seven 
questions, each with five response options, ranged between 7 and 35. Based on these score, 
women with a total score >1standard deviation (SD) above the mean were considered to be 
depressed [23]. 
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Measurement of timing of depression  
For this study, two different time periods were used based on data available during 
pregnancy, and at 6 months, 5 and 14 years after child-birth. The first period was around 
pregnancy and combined data from pregnancy and 6 months postpartum. The second period 
was defined to coincide with the child rearing period covering childhood and early 
adolescence that is when the child was between the ages of 5 and 14 years. Patterns of 
depression, experienced over these two time periods, were developed by combined 
depression into four categories: a) no depression either time, b) depression around pregnancy 
but not during the childrearing period, c) depression during the child rearing period but not 
around pregnancy and d) depression at both time points.  
 
Measurement of BMI, WC and WHR  
BMI was calculated based on measured height and weight at the 21 year follow-up. Women’s 
height was measured without shoes using a portable stadiometer to the nearest 0.1 cm. 
Weight was measured in light clothing with a scale accurate to 0.2 kg. Two measures of 
weight and height were taken with a 5-minute interval, and the mean of these two measures 
was used in all analyses. Women’s BMI (weight in kilograms divided by the square of height 
in meters, i.e. kg/m²) was categorized into normal (BMI<25 kg/m²), overweight (BMI = 25–
29 kg/m²) and obese (BMI ≥30 kg/m²) using the WHO classification of BMI cut-offs [24]. At 
the 21 year follow-up, the WC of women was measured horizontally using a tape (provided 
by Sullivan’s Haberdashery & Craft Wholesalers, Australia) roughly in line with the 
participant’s navel or belly button, directly against the skin without compressing the skin. 
The measure were taken twice and the average of these two measures was used to categorise 
WC using the WHO cut offs for adult women where <80cm was considered to be normal, 80-
<88cm was overweight and ≥88cm was obese [24]. Similarly, hip measurements were taken 
to assess the greatest width of each participant. The hip was measured twice and the average 
of these two measures was taken. To categorize the WHR, the WHO cut-offs for adult 
women were used: <0.80 was normal, 0.80-<0.85 was overweight and ≥0.85 was obese [24]. 
 
Measurement of covariates  
The following socio-demographic and health related variables were included in the analysis 
as potential covariates on the basis of the possible association between them, depression and 
BMI, WC and WHR [25]. These potential covariates were measured at first clinic visit: age at 
first clinic visit (in years), educational attainment (incomplete high, complete high and post 
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high), parity (1, 2, 3, or .3), pre-pregnancy consumption of cigarettes (none, 1–19, or 20 or 
more cigarettes per day), alcohol consumption (yes/no), hypertensive disorder of pregnancy, 
gestational weight gain during pregnancy and breast feeding at 6 month after birth. During 
pregnancy, women’s hypertensive disorders were diagnosed at birth by a consultant 
obstetrician and defined as a diastolic blood pressure >90 mm Hg on ≥2 occasions beyond 20 
weeks gestation, associated with proteinuria and/or excessive fluid retention [26]. Women’s 
gestational weight gain during pregnancy was calculated from maximum weight gain 
(abstracted from the medical chart by an obstetrician associated with MUSP) and self-
reported pre-pregnancy weight (determined at the first antenatal visit). To use it as a 
categorical variable, gestational weight gain was classified according to the recommended 
categories outlined in the 1990 Institute of Medicine (IOM) guidelines. This combines 
categories of pre-pregnancy BMI and weight-gain categories into inadequate, adequate and 
excess weight gain [27]. Recently, IOM reviewed their guidelines [28] and recommended 
rates of weight gain in the second and third trimester as well. We did not have a record of 
trimester-specific weight gain, thus we could not extend our analyses by using these new 
guidelines. In this cohort, duration of breastfeeding was recorded at 6-month follow-up and 
for the analysis it was categorised as never, <4 month, or ≥4 month.  
 
Statistical analysis 
Mean BMI, WC and WHR by depression around pregnancy and the child rearing period are 
presented as descriptive analyses. We used t-tests to examine the association. However, the 
univariate association between overweight and obesity based on BMI, WC and WHR at 21 
years after child birth are presented by the women’s demographic characteristics.  
 
Depression during the two time periods was found to be correlated (r=0.56), thus timing of 
depression and its persistence is potentially confounded. Therefore, women who were 
depressed around pregnancy and the early postpartum were excluded from analysis during the 
child rearing period. Accordingly, a series of multinomial logistic regression models were 
used to assess the associations between depressive symptoms experienced around pregnancy 
and the child rearing period with the risk of developing overweight and obesity 21 years later 
using BMI, WC and WHR. Finally, using a series of multinomial logistic regression models, 
we further examined the association between the patterns of depression over these two 
periods with overweight and obesity at 21 years by taking into account the potential 
confounders (presented in Fig.8.1). All the multivariable analyses were conducted for the 
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multiple imputation data to increase the statistical precision [29]. All analysis was conducted 
using the STAT statistical package version 12.  
 
Investigation of missing data  
Firstly we investigated the distribution of missingness of study covariates by outcomes 
(overweight and obesity in terms of BMI, WC and WHR). Of the 6221 women who were 
eligible for this study, 3385 women (54.4%) at the 21-year follow-up had available 
information regarding height, weight, waist and hip measurements. The overall dataset (6221) 
was used to impute the missing values on study covariates (excluding the outcomes). For the 
purpose of this study, data were imputed for all covariates and the main predictor, excluding 
the outcomes (See Supplementary Table S8.1). We imputed the missing data based on the 
percentage of missing data on covariates [30]. An imputation model was devised using the 
recommendations of Van Buuren et al.[31]. The data on covariates were assumed to be 
‘‘missing at random,’’ which means that the probability of the data being missing may 
depend on observed values [32]. Data were imputed from the posterior predictive distribution 
of the missing data given the observed data [30]. For each of the completed datasets, a 
logistic regression was performed (inclusion of all predictor variables without outcome), from 
which the estimate of interest and its estimated variance were obtained. The results from the 
logistic regression modelling of the different datasets were combined using the rules 
proposed by Rubin to produce a multiple imputation estimate [33].  
 
Results  
In Table 8.1, the prevalence of depression around pregnancy and the child rearing period 
were found to be almost similar in relation to BMI, WC and WHR. For women who were 
depressed around pregnancy, their mean BMI was 29.2 kg/m² (SD 6.75), mean WC was 89.9 
cm (SD 14.5) and mean WHR was 0.84 cm (SD 0.08) respectively. During the child rearing 
period, for women who were depressed their mean BMI, WC and WHR was 28.9 kg/m² (SD 
7.03), 89.6 cm (SD 15.6) and 0.84 cm (SD 0.09) respectively.  
 
Table 8.2 shows that when compared with normal weight women, overweight and obese 
women were more likely to have had more children previously, to smoke more cigarettes per 
day, to report lower physical activity, to have experienced hypertensive disorders during 
pregnancy and to have had excess weight gain during pregnancy. Age at childbirth and 
alcohol consumption was not associated with overweight and obesity 21 years postpartum.   
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Table 8.3 shows, the relative risk of being overweight or obese (using the BMI, WC and 
WHR cut-offs) by depression around pregnancy and the child rearing period at 21 years after 
childbirth. In the unadjusted model, women who experienced depression around pregnancy 
were at an increased risk of obesity at 21 years of 28% (RR: 1.28, 95% CI: 1.04, 1.59) on the 
basis of BMI, 71% (RR: 1.71, 95% CI: 1.21, 2.41) when obesity was calculated using WC, 
and the risk was 87% (RR: 1.87, 95% CI: 1.31, 2.45) when WHR was used, compared with 
women who reported no depressive symptoms. This association remained significant for 
WHR and WC but it was attenuated for BMI in the fully adjusted model. Depression during 
the child rearing period was not significantly associated with any measure of overweight or 
obesity. 
 
Figure 8.1 presents the association between the four patterns of depression and overweight 
and obesity at 21 years postpartum. Women who were depressed around pregnancy but not 
during the child rearing period were at a 62% (RR: 1.62, 95% CI: 1.33, 2.12) increased risk 
using WC and more than twice (RR: 2.08, 95% CI: 1.57, 2.84) the risk of being obese when 
assessed using WHR in the full adjusted model. However, women who were depressed 
persistently across both time periods were at a 34% (RR: 1.34, 95% CI: 1.00, 1.70) and 63% 
(RR: 1.63, 95% CI: 1.20, 2.18) increased risk of being obese in terms of WC and WHR 
respectively, compared with women with no depression at either period.  
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Table 8. 1: Mean BMI, WC and WHR by timing of depression (around pregnancy and child rearing period); using a sample of 3385 women 
from the Mater-University of Queensland Study of Pregnancy (MUSP) cohort, Australia 
Maternal depression  n (%) 
BMI (Kg/m²) 
n (%) 
WC (cm) 
n (%) 
WHR (cm) 
Mean  SD Mean  SD Mean  SD 
Around pregnancy          
No depression  2734 (80.6) 27.9 6.04 2642 (81.3) 87.4 13.8 2636 (81.4) 0.82 0.07 
Depression 651 (19.4) 29.2 6.75 600 (18.6) 89.9 14.5 595 (18.6) 0.84 0.08 
P-value    0.001   0.050   0.006 
Child rearing period          
No depression 2691 (79.2) 27.8 5.89 2595 (79.8) 87.8 13.5 2588 (79.8) 0.83 0.06 
Depression 694 (20.8) 28.9 7.03 647 (20.2) 89.6 15.6 643 (20.2) 0.84 0.09 
P-value    0.004   0.004   0.002 
• BMI- body mass index, WC- waist circumference and WHR- waist-to-hip ratio  
• P-value indicates the significance level of the difference in mean BMI, WC and WHR by depression (around pregnancy and child rearing periods) (using t-test).  
• Depression around pregnancy- combined during pregnancy+ 6 months after pregnancy depression, Depression in child rearing period- combined maternal 5y to14y of post-pregnancy 
depression 
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Table 8. 2: Prevalence of depression and unadjusted relative risk of overweight and obesity (based on BMI, WC and WHR) at 21years 
postpartum by women’s baseline characteristics  
Maternal characteristics  N 
Prevalence (%) of 
depression  
Unadjusted relative risk (RR) (95% confidence interval) 
BMI WC WHR 
Around 
pregnancy  
Child 
rearing 
period  
Overweight  Obese  Overweight  Obese  Overweight  Obese  
Maternal age  
         
13-19 years  422 29.9 30.0 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
20-35 years  2748 17.9 19.7 1.04 (0.82, 1.32) 0.98 (0.77, 1.24) 0.80 (0.62, 1.04) 0.91 (0.72, 1.14) 0.99 (0.77, 1.27) 0.91 (0.72, 1.14) 
35+ years  147 17.0 17.4 1.02 (0.66, 1.59) 1.22 (0.80, 1.85) 1.04 (0.61, 1.77) 1.65 (1.06, 2.57) 1.00 (0.61, 1.61) 1.29 (0.85, 1.97) 
Maternal Education  
         
Incomplete high  504 24.4 26.9 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Complete high  2120 18.3 20.3 0.83 (0.65, 1.04) 0.62 (0.50, 0.78) 1.00 (0.76, 1.33) 0.62 (0.50, 0.77) 0.65 (0.51, 0.84) 0.62 (0.49, 0.78) 
Post high  127 18.8 18.4 0.80 (0.61, 1.05) 0.57 (0.44, 0.74) 0.80 (0.58, 1.11) 0.50 (0.38, 0.66) 0.58 (0.43, 0.77) 0.46 (0.35, 0.61) 
Parity  
         
No previous child  1194 18.3 19.8 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
1-2 child  1589 19.1 20.4 1.21 (1.01, 1.44) 1.17 (0.98, 1.40) 1.05 (0.87, 1.28) 1.18 (1.00, 1.40) 0.99 (0.82, 1.19) 1.08 (0.91, 1.28) 
3 or more  534 22.7 24..2 1.22 (0.96, 1.56) 1.64 (1.30, 2.06) 1.17 (0.87, 1.56) 1.95 (1.53, 2.46) 1.24 (0.95, 1.61) 1.82 (1.43, 2.30) 
Smoking  
         
Nil smoking 1798 15.5 17.7 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
1-19 per day  928 21.7 21.3 0.92 (0.77, 1.11) 0.76 (0.63, 0.92) 1.10 (0.89, 1.36) 0.96 (0.81, 1.15) 1.11 (0.91, 1.35) 1.46 (1.22, 1.75) 
19+ per day  575 27.6 30.1 0.97 (0.78, 1.21) 0.97 (0.78, 1.20) 1.13 (0.87, 1.46) 1.31 (1.06, 1.62) 1.62 (1.27, 2.06) 1.98 (1.58, 2.47) 
Alcohol consumption  
         
No  1557 17.9 21.2 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1742 20.6 20.6 1.07 (0.91, 1.25) 0.91 (0.77, 1.06) 1.09 (0.91, 1.31) 1.05 (0.90, 1.22) 1.11 (0.94, 1.32) 0.95 (0.81, 1.11) 
Physical activity 
         
Often  541 19.4 19.7 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Sometimes  1771 18.9 20.9 1.15 (0.92, 1.44) 1.39 (1.11, 1.74) 1.38 (1.07, 1.77) 1.47 (1.19, 1.82) 1.08 (0.85, 1.36) 1.30 (1.04, 1.62) 
Never  976 19.9 20.9 1.03 (0.80, 1.31) 1.29 (1.01, 1.65) 1.22 (0.93, 1.61) 1.49 (1.18, 1.88) 1.0 (0.78, 1.30) 1.33 (1.04, 1.69) 
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Hypertension during pregnancy 
         
No  2993 19.4 20.6 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 320 19.1 21.1 1.46 (1.08, 1.97) 2.57 (1.96, 3.37) 1.66 (1.15, 2.40) 2.79 (2.06, 3.80) 1.57 (1.17, 2.12) 1.53 (1.16, 2.02) 
Gestational weight gain (GWG) 
         
Adequate 1282 18.6 18.8 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Inadequate  733 18.4 21.1 0.90 (0.74, 1.11) 0.72 (0.57, 0.91) 0.87 (0.69, 1.09) 0.77 (0.63, 0.95) 0.96 (0.77, 1.19) 1.02 (0.83, 1.26) 
Excess 1113 29.6 21.9 1.81 (1.49, 2.20) 3.31 (2.73, 4.02) 1.74 (1.39, 2.19) 2.54 (2.09, 3.08) 1.13 (0.92, 1.38) 1.34 (1.12, 1.62) 
Breastfeeding at 6 months PP 
         
Never  571 26.9 24.8 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
<04 months  1244 20.9 21.6 1.04 (0.82, 1.32) 0.93 (0.74, 1.16) 0.96 (0.73, 1.27) 0.85 (0.67, 1.70) 0.87 (0.67, 1.13) 0.67 (0.53, 0.84) 
≥04 months  1485 15.0 17.6 0.90 (0.71, 1.13) 0.63 (0.51, 0.79) 0.90 (0.68, 1.17) 0.60 (0.48, 0.76) 0.72 (0.56, 0.93) 0.47 (0.37, 0.59) 
* BMI- body mass index, WC- waist circumference and WHR- waist hip ratio  
,* Normal weight of women’s was considered as reference group. The relative risk was defined as normal vs overweight, normal vs obese for BMI, WC and WHR at 21 years follow-up after 
pregnancy 
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Table 8. 3: Multinomial logistic regression showing the risk of overweight and obesity (in terms of BMI, WC and WHR) at 21 years by 
depression around pregnancy (on sub-sample, n=3385) and in child rearing period (on sub-sample, n=2734); using data from the  Mater-
University of Queensland Study of Pregnancy (MUSP) cohort, Australia  
Depression  Model  
BMI category at 21 years  WC category at 21years  WHR category at 21 years  
Normal  
Overweight Obese  
Normal  
Overweight  Obese  
Normal  
Overweight  Obese  
RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI 
Around 
pregnancy  
1Model 1 1.00 (ref) 1.06 0.86, 1.32 1.28 1.04, 1.59 1.00 (ref) 1.39 0.97, 1.91 1.71 1.21, 2.41 1.00 (ref) 1.51 0.94, 2.01 1.87 1.31, 2.45 
2Model 2 1.00 (ref) 1.05 0.85, 1.31  1.26 1.01, 1.56 1.00 (ref) 1.38 0.95, 1.90 1.69 1.20, 2.38 1.00 (ref) 1.47 0.89, 1.98 1.84 1.28, 2.39 
3Model 3 1.00 (ref) 1.05 0.84, 1.30 1.26 1.00, 1.58 1.00 (ref) 1.36 0.92, 1.86 1.67 1.18, 2.37 1.00 (ref) 1.45 0.88, 1.97 1.83 1.28, 2.37 
4Model 4 1.00 (ref) 1.04 0.84, 1.29 1.22 0.97, 1.53 1.00 (ref) 1.32 0.89, 1.81 1.60 1.15, 2.30 1.00 (ref) 1.41 0.86, 1.95 1.79 1.25, 2.31 
                                 
Child rearing 
period  
1Model 1 1.00 (ref) 0.90 0.64, 1.27 1.29 0.93, 1.80 1.00 (ref) 0.98 0.70, 1.38 1.14 0.83, 1.58 1.00 (ref) 0.79 0.58, 1.08 1.23 0.94, 1.62 
2Model 2 1.00 (ref) 0.88 0.62, 1.25 1.26 0.90, 1.75 1.00 (ref) 0.98 0.69, 1.38 1.08 0.78, 1.50 1.00 (ref) 0.76 0.55, 1.04 1.14 0.86, 1.51 
3Model 3 1.00 (ref) 0.89 0.62, 1.27 1.23 0.88, 1.72 1.00 (ref) 0.98 0.69, 1.39 1.06 0.76, 1.48 1.00 (ref) 0.75 0.55, 1.03 1.13 0.85, 1.50 
4Model 4 1.00 (ref) 0.88 0.62, 1.26 1.23 0.89, 1.71 1.00 (ref) 0.98 0.69, 1.39 1.07 0.77, 1.48 1.00 (ref) 0.76 0.55, 1.04 1.13 0.86, 1.50 
• BMI- body mass index, WC- waist circumference, WHR- waist-to-hip ratio, RR- relative risk, CI- confidence interval 
• Sample size in child rearing period differs from around pregnancy due to excluding (n=651) women who were already depressed at around pregnancy  
¹Model 1: unadjusted  
²Model 2: Model 1 + women age, race, education, parity, smoking, alcohol consumption and physical activity  
³Model 3: Model 2+ hypertension during pregnancy and gestational weight gain during pregnancy (GWG)  
4Model 4: Model 3+ breastfeeding 06 months after birth 
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(a) 
 
(b) 
 
(c) 
 
Figure 8. 1: Adjusted risk of obesity in terms of (a) BMI (b) waist circumference (WC) and (c) waist-
to-hip ratio (WHR) at 21 years by categories constructed by combining depression around pregnancy 
and the child rearing period based on a sub-sample of 3385 women from the MUSP cohort study. 
Values are relative risks with their 95% confidence intervals represented by vertical bars   
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Discussion  
The objective of the study was to examine the long term association between timing of 
depression and the risk of overweight and obesity in relation to BMI, WC and WHR 21 years 
after the index pregnancy in Australian women. Based on our analyses, depression around 
pregnancy was found to be significantly associated with obesity after 21 years using all three 
measures of obesity. However, depression experienced during the child rearing period did not 
predict later overweight and obesity on any measure. The patterns of depression experienced 
over these two periods show that depression around pregnancy but not during the child 
rearing period and persistent depressive symptoms over these two periods that significantly 
increases the risk of abdominal obesity 21 years after pregnancy. These findings were robust 
after adjusting for potential confounders. 
 
The findings of our study can be explained by considering the underlying links between 
depression and obesity. Depression in the early postpartum can results in a concomitant fall 
in serotonin levels associated with a decline in estrogen and progesterone [34, 35]. To 
regulate serotonin levels, individuals may increase their consumption of excessive 
carbohydrate-rich food leading to weight gain [36-38]. It is evident that postpartum weight 
retention is significantly associated with long term risk of obesity [39]. Furthermore, women 
with depression around pregnancy consistently experience higher serum cortisol levels [40, 
41]. This is due to low levels of both sex steroids and serotonin which may contribute to the 
dysregulation of the hypothalamic–pituitary–adrenal axis functioning, leading to the chronic 
excessive secretion of cortisol [34, 35, 42]. This higher cortisol level is associated with an 
increase in appetite and visceral fat accumulation, leading to the development of abdominal 
obesity [42].  
 
Alternatively, around pregnancy depression may cause changes in sleep patterns [43, 44], 
physical activity [45] and dietary intake [46] that lead to an increased risk of obesity. In a 
recent cross-sectional analysis, George et al. [47] reported that depressive symptoms were 
associated with less healthy diets. Lox and Treasure [48] found that high stress levels or 
major life disruptions limit physical activities in the postpartum period. Although these 
studies did not address changes in weight, it is possible that depression may promote 
obesogenic behaviours that lead to weight retention. Moreover, at this stage of life, higher 
stress in relation to adjustment to parenthood, difficulties with role changes and poor 
attachment [49, 50] have been shown to adversely impact weight in women [51].  
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In our study, depression during the child rearing period (child aged between 5 and 14 years) 
was not found to be associated with long term obesity. This finding was unexpected and 
deserves additional exploration. In our data, about one fifth of the women who were 
depressed during the child rearing period had gained excess weight during pregnancy. It is 
evident that excess levels of gestational weight gain are associated with higher weight 
retention which is an important risk factor for later obesity [52]. In this stage woman may  
also be experiencing stresses as parents [53] and this strongly moderates the association 
between depression and obesity [42, 54]. However, it is possible that women experience less 
stress as their children grow. A less stressful life may result in reduced cortisol levels and 
also lower HPA dysfunction, thus inhibiting an increase in nutrient dense food and central fat 
distribution [55-57]. Moreover, with the growth of their child, women’s lifestyles may also 
change, allowing more time for socialization and a more physically active daily life that 
improves both the depression and body weight [58, 59]. A number of studies have 
investigated the trajectory of parenting stress over time and report inconsistent outcomes. 
Some of the studies reported parenting stress decrease during early stage of childhood but 
increase in middle childhood [60, 61], some studies have reported parenting stress reduces in 
middle childhood [53, 62] and a study reported stress was found to increase from early to 
middle childhood then subsequently decrease through adolescence [63]. There are also some 
studies that have focused on investigating the parenting stress trajectory in relation to rearing 
very preterm infants [64], children and adolescents/young adults with autism [65] and 
intellectual disability children [66, 67], while considering various number of potential 
moderating variables. These studies are not comparable with our study because parenting 
stress consistently show higher levels of child related stress for parents of children with very 
pre-term or intellectual disability.   
 
Women who were persistently depressed were at greater risk of abdominal obesity placing 
them at increased risk of adverse health outcomes [68, 69]. There is considerable evidence 
which shows that there plausible bio-psychosocial and biological links between persistent 
depression and obesity. Those who are persistently depressed have been shown to more 
commonly have unhealthy life styles and psychological problems including emotional eating 
[70]. However, physiological mechanisms, including the repeated activation of the 
hypothalamic pituitary adrenal (HPA) axis [71, 72] are associated with inflammation and 
glucocorticoid signalling, where the glucocorticoids have been shown to promote deposition 
of fat by impairing the insulin activity [73]. Glucocorticoids are also involved in promoting 
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the differentiation and proliferation of human adipocytes and have been shown to be 
positively associated with obesity including elevated body mass index and increased 
abdominal fat [71-73].                
 
The major strength of this study is that the findings are based on data from a large cohort of 
women who were followed for more than 20 year. However, there are number of limitations 
in this study which also need to be considered. The first limitation concerns the 
generalizability of the results. Women who were missing from the study at different follow-
up times were more likely to be of lower socio-economic status and to be younger. These 
women were also more likely to be depressed than those women remaining in the study. The 
overall sample was restricted to those women attending a public obstetric hospital service; 
therefore the results presented here cannot be generalized to women receiving private 
obstetric care or to women who have never given birth to a child. The second limitation is 
that this study used a self-reported measure of depression. The DSSI is a well-validated 
measure of depression, however, it is not a clinical diagnoses, it is a self-reported measure of 
the psychological distress associated with depressed mood [23]. A recent study suggests that 
in relation to depression, the use of a self-report questionnaire in place of a clinical diagnosis 
has little effect on results [74]. Thirdly, similar to other cohort studies, MUSP has 
considerable attrition that may have biased the findings. We have analysed the impact of 
attrition and found the results are minimally affected by the loss [64, 66]. The final concern is 
the period of time elapsed between the follow-up periods. In particular, depression occurring 
during the child rearing period combined data from the 5 and 14 year follow-up phases of the 
study and covered a time period of nine years. This long gap in time between follow-ups may 
have influenced the strength of association reported here.  
 
In summary, our study provides evidence to show that depression around pregnancy is 
significantly linked to the development of long term obesity. The findings of our study have 
important public health implications and suggest that interventions for depression 
management in pregnancy and the early postpartum may prevent long term weight related 
health problems in women. However, considering the current epidemic of obesity, this study 
also identified important areas for future research particularly the evaluation of the extent to 
which management of depression leads to enhanced weight loss and thus aids in the 
prevention of long term risk of obesity among reproductive aged women. 
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Chapter 9: Discussion and Conclusion 
This final chapter brings together the key results of the reviews and analyses that formed the 
basis of this thesis. It is structured in the following way: firstly the Introduction describes the 
overall study and highlights the key findings. These are then discussed in detail in section 9.2. 
The strengths and limitations are set out in section 9.3. Finally, the conclusion and 
recommendations for future research are contained in sections 9.4 and 9.5.  
 
9.1 Introduction 
This thesis contributes to the existing literature by determining the nature of association 
between overweight, obesity and depression across the life course from adolescence into 
adulthood and specifically focuses on the association across the majority of the reproductive 
life course of a large cohort of Australian women. In all, five individual studies were 
conducted. The first two studies (Chapter 4, study 1 and chapter 5, study 2) are systematic 
reviews and meta-analyses investigating the bidirectional links between overweight, obesity 
and depression in adolescence and adulthood. A bi-directional link between obesity and 
depression was found in both adolescents and adults. These studies clearly highlighted that 
women were at greater risk of both overweight/obesity and depression at both these stages 
and found that women in their childbearing years are at greatest risk when they are either 
overweight or obese, or depressed for extended periods of time, that is for more than 10 
years. In the second part of the thesis, three studies (Chapter 6, study 1, Chapter 7 study 2 and 
Chapter 8, study 3) explored different aspects of the association between overweight, obesity 
and depression, using a large cohort of adult women followed from pregnancy across the 
majority of their reproductive life-course. The findings outline in Chapter 6 (study 1) 
demonstrated women inappropriate weight gain during pregnancy and higher retention of 
weight in postpartum contributing long term risk of anxiety and co-morbid anxiety and 
depression. The findings outline in Chapter 7 (study 2) identifies women experienced chronic 
and severe depression over the period of time was at higher risk of obesity. The findings 
outline in Chapter 8 (study 3) identifies as a timing of depression, women around pregnancy 
depression had a stronger link with obesity than any other period of postpartum. All these 
associations were independent of socio-demographic, lifestyle and physiological factors at 
baseline.                               
 
188 
 
9.2 Key research findings  
Findings of the two systematic reviews and meta-analysis showed that the association 
between obesity and depression in adolescence is bi-directional, that is, depression can lead 
to obesity or obesity can lead to depression. In terms of impact, the risk difference was also 
found to be bi-directional. Previous studies on adolescents did suggest the bi-directionality of 
the association but were unable to quantify that risk [1, 2]. This study has added to our 
understanding of this association by not only demonstrating the magnitude and direction of 
the associations but also the impact of depression on the risk for obesity and the impact of 
obesity on the risk for depression. This study has also confirmed the reciprocal associations 
between obesity and depression was present in both males and females, although the strength 
of association was found to be stronger for females compared with males. This result is 
consistent with recently published reviews [1, 2]. One possible reason of this finding may be 
biological, that is, females during puberty experience complex developmental processes that 
may result in the earlier onset of obesity and depression and which may persist throughout 
adolescence to adulthood [3-5]. Additionally, behavioural and lifestyle factors may also 
affect females more than males in these association [6, 7].  
 
This study also demonstrated that the effect of obesity leading to depression and depression 
leading to obesity is not equal. It is, in fact, stronger for depression leading to obesity for 
females in early adulthood compared with females in late adolescence. It is likely that 
developmental factors are relevant across late adolescence and adulthood. The tracking of 
BMI from adolescence into adulthood is high [8, 9] particularly for females; for example, 
according to one study, BMI at age 18 predicts 50% of the BMI variance at age 35 years [8]. 
Similarly with depression, although there is little gender disparity in pre-adolescence, by mid-
adolescence the female preponderance of depression extends across the female reproductive 
life course [8, 10]. Overall, the results of this study have significant implications particularly 
for young females, to the extent that intervention early on for both obesity and depression in 
young women could inhibit the development of the reciprocal disorder later on.             
 
Obesity and depression are also reciprocally linked in adults. This finding is consistent with 
the literature [11], however, the strength of relationship reported in this thesis is more robust 
because the methodological heterogeneity of the studies included in the meta-analysis were 
adjusted using a quality effect (QE) model [12-14]. This study further added to the current 
evidence the impact of these relationships that is the risk difference, which is mainly 
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demonstrable for depression leading to obesity and not in the reverse direction. This finding 
is important to judge the contribution of the risks associated with obesity or depression on 
populations and individuals [15-18]. The association between obesity and depression is found 
stronger in the direction depression leading to obesity compare to obesity leading to 
depression. One hypothesis is that depression causes an increase in weight over time due to 
neuroendocrine disturbances. According to Björntorp et al. depression induces (abdominal) 
obesity through long-term activation of the hypothalamo-pituitary-adrenal (HPA) axis [19]. 
Cortisol, in the presence of insulin, inhibits lipid-mobilizing enzymes, a process mediated by 
glucocorticoid receptors that are found in fat depots and especially in intra-abdominal 
visceral fat [20]. This study further indicated that the bi-directional link is found for both men 
and women. It is found more pronounced among young and middle aged adult women during 
their reproductive lifespan (aged between18 to 49 years) particularly those followed for 
longer periods. Research has shown that this period is critical because at this stage women are 
experiencing more stresses, physical changes and psychological stress related to child rearing 
and related psychosocial factors [21]. When the women continuing these conditions for a 
longer period, the more likely it is that lifestyle and environmental factors may enhance this 
association [22, 23]. In this study, the association between overweight and depression is not 
as strong as that for obesity and depression and that also exists for both men and women. This 
finding in relation to overweight implies that we have to reconsider the current understanding 
about the relationship between overweight and health conditions. Several recently released 
studies found that health status in the overweight group is same as or better than in the 
normal weight group. These studies have suggested that standards for obesity and 
management of the overweight group may need to be changed [24-27]. The results of this 
study have greater significance particularly for women for early detection and development 
of prevention and treatment strategies that could eventually lower the risk of both the 
conditions in later life course. Moreover, it is also suggested from this study that the focus 
should be more on women who are at greatest risk for the development of obesity and 
depression during their reproductive age in long run. 
 
In second part, long term follow-up of the cohort used in this thesis, we manage to capture 
the longitudinal effect of weight gain on depression and depression on the development of 
weight gain or overweight and obesity more than two decades after pregnancy (Chapter 6, 
Chapter 7 and Chapter 8). Based on the findings of Chapter 5, chapter 6 (study1) is focused 
on the reproductive aged women and found women gained excess weight during pregnancy 
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are experiencing anxiety and co-morbid depression and anxiety in long run. This result both 
support and add to the existing evidence that higher weight gain or higher BMI leads to 
anxiety and also comorbidity with depression [28-31] in long term. In Australia, 
approximately 50% women are gaining excess weight during pregnancy [32, 33], this greater 
proportion of Australian mother will be at increased risk of long term health. This study also 
shown women gained inadequate weight during pregnancy are also experienced anxiety and 
co-morbid anxiety and depression. This finding is also important for Australian women 
because a recent study of Australian mothers recruited in 2010-11 which reported that 26% of 
women did not gain adequate weight during pregnancy [34]. In this study, a significant 
association is found between postpartum weight retention with anxiety and depression. But 
this finding needs to be interpreted with some caution. The PPWR and anxiety/depression 
analyses take place at the same time. It is possible that women experienced 
anxiety/depression during the postpartum period, and that their psychopathology caused 
greater weight gain/retention. However, weight data is not available at each follow-up (it was 
only measured during pregnancy and again at 21 and 27 years postpartum), therefore limiting 
our understanding of how weight gain occurred over the interceding period, that is, whether it 
is primarily weight retained or gained after delivery (e.g., in the first postpartum year) or 
steadily gained over time. Irrespective of these concerns, our findings are consistent with 
previous studies [35, 36]. The robustness of our findings in relation to anxiety has important 
clinical implications as anxiety is commonly overlooked. However, this empirical evidence 
will help to initiate ongoing screening and interventions that take into account women’s 
weight gain and mental health history during pregnancy to ensure a better long term health 
conditions in terms of mental health. 
  
Chapter 7 (study 2) demonstrated the long term impact of depression on weight, and 
highlights the vulnerability of women experiencing chronic and severe depressive symptoms, 
over their reproductive life course, to developing obesity, not overweight in terms of BMI 
and WC. Previous studies have examined only the cumulative or chronic effects of 
depression on obesity [37, 38], our findings added further evidence of the separate effect of 
both chronicity and severity on this association in long run. However, as both the character of 
depression confounded each other, an additional regression analysis examined and suggests a 
linear association among women who experienced both chronic and severe depressive 
symptoms with WC. But our findings should be used cautiously as establishing a causal 
sequence is not straight forward in the case of depressive symptoms. Generally mood 
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disorders (depression and anxiety) begin at a young age [39]. The second issue in establishing 
a causal sequence is that depression are chronic or recurrent in nature [40], so having a recent 
disorder tends to mean that the respondent has a history of such disorder. We cannot examine 
the causal link because depression data (DSSI) before pregnancy is not available in our 
dataset. Nonetheless, the findings of this study are of public health importance identifying a 
subgroup of women, with both chronic and severe depression, who are at greatly increased 
risk of obesity. These women should monitor on a regular basis for better management of 
their mental health and other related co-morbid conditions in later life.  
 
Chapter 8 (study 3) examined the association of timing of depression with overweight and 
obesity. The findings outline in chapter 8 shown that as a timing of depression, around 
pregnancy is significantly linked with obesity in terms of BMI, WC and WHR in long term 
postpartum. Child rearing period depression is not found to be associated with obesity on any 
measure (BMI, WC and WHR). This finding is important locating the period of depression in 
reproductive lifecourse that is responsible for the long term risk of obesity and it will 
subsequently assist targeting management of around pregnancy depression to prevent long 
term weight related health problems in women.    
 
Overall, the findings throughout chapter 4,5,6,7 and 8 provide the evidence of nature of long 
term reciprocal association between obesity and depression across the life course and this will 
help to intervene early in their natural history to mitigate the adverse effects of these 
disorders with later cardiovascular and other diseases [41-44]. 
 
9.3 Strengths and limitations  
Strengths 
An attempt of systematic review and meta-analysis was done to explore the direction and 
strength of the relationship between obesity and depression during adolescence and adult 
lifecourse. The present review and meta-analysis was the first attempt to systematically 
search the substantial research and quantify the strength of association using a quality effect 
model (QE) that has the capacity to perform a bias adjusted analysis of observational studies 
without effect size imputation [45]. We used this in lieu of the random effects ( RE) model  
because the methodology associated with the RE model, according to authors opinion, has 
limitations to the extent that, even in standard meta-analyses, there is a lack of interpretation 
of an RE summary [46]. However, using QE model, the contribution of risk from obesity and 
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depression was defined which enabled to judge the impact of the risks associated with obesity 
or depression on populations and individuals. In addition, to determine the exact strength of 
association in these meta-analysis as effect size relative risk (RR) than Odds ratio (OR) 
because the OR may not adequately portray risk [47] 
 
Data from a prospective cohort study were used to analyse for this thesis and were optimal 
for evaluating the link between overweight, obesity and depression in women across the 
majority of their reproductive life course. The Mater-University Study of Pregnancy (MUSP) 
cohort study has data, collected at eight points in time, from pregnancy to 27 years after child 
birth. This is the first study that has been conducted to evaluate the longitudinal associations 
between overweight, obesity and depression more than two decades after pregnancy. As both 
overweight/obesity and depression are chronic risk diseases, any associations are likely to 
develop over time. This long follow-up period in MUSP provided an opportunity to examine 
their prospective associations over a longer time period than has previously been reported.  
Data collection for MUSP commenced in the early 1980s and was synchronous with the 
growing prevalence of obesity in Australia and many other industrialised countries [48]. 
Similarly, depression has also been increasing since the 1980s [49]. Multi follow-ups from 
1981 has captured these two conditions and how they have developed over a period of 27 
years giving MUSP the capacity to understand the nature of any associations that exist 
between overweight, obesity and depression. It is also important to note that over 85% of 
Australian women will have at least one child, making the data presented here applicable to a 
large proportion of women [50]. 
 
Limitations  
Longitudinal follow-up data tend to be as risk of high loss to follow-up of study participants 
and to missing data throughout the data collection process. In MUSP, 99% of participants 
remained in the study during pregnancy, at 6 months this number had fallen to 93%, at 5 
years retention in the study was 73%, at 14 years it was 68%, at 21 years retention was 56% 
and was 53% after 27 years of follow-up. Loss to follow-up was more likely to be due to 
failure to locate the participant at a given follow-up, rather than refusal. This is primarily 
because the resources required to locate the least available, most highly mobile, respondents 
were rarely ever sufficient. At the 27-year follow-up, a high proportion of traceable women, 
who were lost to follow-up in previous waves, agreed to return to the study [51].  
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In this cohort gaps between different phases of the study were comparatively long and 
irregular in duration (FCV to pregnancy, pregnancy to immediate after pregnancy, after 
pregnancy to 5 years; 5–14 years, 14–21 years and 27 years). It appears likely that the gaps in 
time between phases of follow-up may have influenced the strength of the associations 
between obesity and depression reported in this thesis. In particular, it is likely that shorter 
periods of follow-up would yield a stronger association than longer follow up periods [37]. 
Our findings need to be interpreted from the perspective of the longer term consequences of 
obesity and depression. 
 
Data on weight in this cohort was not collected at each follow-up, it was only measured 
during pregnancy and again at 21 and 27 years postpartum. Therefore, patterns of weight gain 
from pregnancy, whether it was primarily retained or was gained after delivery (e.g., in the 
first postpartum year) or steadily gained over time is unknown. In this thesis a single point 
weight data during pregnancy was used to estimate the link with depression 27 years after 
child birth (Chapter 4). Due to this long gap between these two time points may overestimate 
the association between weight gain/retained and depression.  
 
Finally, the measure of depression in the present study is self-reported symptoms and does 
not represent a clinical diagnosis of depression. Although it does share items with the EPDS 
[52], another non-diagnostic measure, which is commonly used today in both clinical and 
research situations. Moreover, in a previous study the DSSI was found to have significant 
agreement with patients’ self-report and their psychiatrists’ ratings [53, 54]. 
 
9.4 Research Implication 
The findings of the study suggest there is a reciprocal link between obesity and depression 
across the life-course. This finding has significant implications because these two disorders 
have shared consequences which can result in metabolic syndrome, potentially increasing 
cardiovascular and metabolic morbidity and subsequent mortality. The traditional approach to 
managing either overweight or depression is to treat or manage them as independent entities, 
without considering them as potentially comorbid conditions. There are some situations in 
which the treatment for one may actually exacerbate the other for example drug used to treat 
obesity act predominantly on th same neurotransmitter systems (such as norepinephrine and 
serotonin) as the drugs used in the treatment of depression. Mood changes can be a side effect 
of obesity treatments and weight gain can be a side effect of antidepressant treatments. 
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Treatment protocols are needed to ensure the feasibility and acceptability of simultaneously 
treating depression and obesity. Focusing on a holistic approach and treating both disorders 
as comorbid diagnoses has great potential to reduce the risk of future cardiovascular and 
metabolic morbidity.  
 
9.5 Conclusion   
Overall, a bi-directional association between obesity and depression, over the life course from 
adolescence to adulthood, was found. Depression has a stronger effect on the development of 
obesity than obesity has on depression. This study also demonstrates that women are at 
greater long term risk of developing these co-morbid conditions specifically at their 
childbearing years. Appropriate interventions targeting depression may reduce the risk of 
obesity, particularly in women during and after their childbearing years.  
 
9.6 Future research and recommendations 
1. In this study, adolescent obesity and depression are reciprocally linked and the risk is 
higher for females in early adulthood compared with late adolescence. The results of 
this study suggest that preventive efforts aimed at both of these disorders in 
adolescence may be fruitful in reducing this comorbidity in later life. Future research 
examining the mechanisms underlying these ﬁndings would be useful for enhancing 
any prevention efforts. For example, if decreased physical activity among depressed 
youth moderates this association, then encouraging young girls with depression to 
exercise and/or participate in sports, as they are being treated for depression, may 
prevent the later onset of obesity. Similar research into the mechanisms linking these 
two disorders in adulthood would further enhance our understanding and potential for 
intervention to prevent long term adverse health outcomes. 
   
2. In this study, both obesity and depression were found to be bi-directionally linked 
across the life course, thus future research, focusing on identifying the key 
determinants associated with the relationship between obesity and depression, is 
essential given the increased health risks associated with these conditions.  
 
3. The long term link between obesity and depression is found in women across their 
reproductive life course, therefore intervention studies focusing on those women who 
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are at high risk of either obesity or depression during pregnancy or their postpartum 
would be beneficial to improve prevention and treatment strategies.  
 
4. Further research needs to be undertaken to confirm the generalisability of these 
finding to a wider populations.  
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Appendix  
Chapter 4: The Association between obesity and depression in adolescent males and females 
 
Table S4.1: PRISMA Checklist  
Section/topic  # Checklist item  Reported on page # 
TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  
2 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  3 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  
4 
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  
NA 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  
5-6 
Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  
5 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  
5 
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Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  
6 
Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  
6 
Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  
NA 
Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  
Not 
available 
Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  6 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  
6-7 
 
 
Section/topic  # Checklist item  Reported on page #  
Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  
8 
Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  
8 
RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  
9; Figure 1 
Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  
9-11, Table 
1 
Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  NA 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
S3Fig, S4 
Fig, S5Fig 
and S6 Fig 
Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Table 2 and 
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Table 3 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  10, 12, S1 
Fig, S2 Fig 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  10, 12, 
Table 4 and 
Table 5 
DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  
13.-16 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  
16-17 
Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  17 
FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  
NA 
 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 
6(6): e1000097. doi:10.1371/journal.pmed1000097  
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Table S4.2: PICOS criteria for inclusion and exclusion of studies 
Parameter Inclusion Criteria Exclusion Criteria 
Population 1. Adolescent male and female 2. Study population are from developed 
countries 
Men and women aged over 18 years 
Exposure 1. Overweight and obesity (leading depression) 
2. Depression (leading overweight/obesity) 
Weight change and other measures of 
mental health 
Comparator N/A N/A 
Outcomes Odds and relative risk (RR) for either direction of association between depression and 
overweight/obesity 
Hazard ratio and other measures 
Study design Prospective studies 
Cross-sectional study, case-control 
study and randomized control trial 
Editorials 
Methodological articles 
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Table S4.3: Quality checklist 
 
 
 
 
Q1 Design Specific Bias   Was the data completely prospectively collected? 
No (0) 
Yes (1) 
Q2 
Study 
selection        
Bias  
Was there significant refusal to participate in baseline 
data collection? 
No (0) 
Yes (1)= > 20% of prospective 
collection of baseline data or not 
reported 
Q3 
Were the number of participants lost at each stage or 
protocol deviations, acceptable (based on reason for 
dropout) or <20%?  
No or not reported (0) 
Yes (1) 
Q4  Were the eligibility criteria clearly specified and uniformly applied? 
No or no description (0) 
In part (0.50) 
Yes (1) 
Q5 
Study population sufficiently describe (e.g. gender, age 
distribution)  
  
No (0) 
Yes (1) 
Q6 
Sampling process sufficiently describe (sampling frame 
e.g. telephone directory, sampling method, sample size 
calculation) 
No (0) 
Yes (1) 
Q7 Characteristics of drop-outs or non-respondents reported 
No (0) 
Yes (1) 
Q8 
Adjustment 
of 
Confounder 
Number of confounder considered/adjusted in the 
analysis 
>10 confounders =3 
6-10 confounders = 2 
1-5 confounders = 1 
Unadjusted = 0  
Q9 
Information 
Bias   
Was timing of outcome assessment and duration of 
follow-up adequate for outcomes to occur?  
No (0) = <1 year 
Yes (1) =  ≥ 1 year 
Q10 Psychological predictors assessed using valid and precise instrument  
(0) = self-reported depressive 
symptoms 
(1)= Clinically measured using 
valid instruments 
Q11 How accurately was exposure measured? 
(0) - self-report (at any time point) 
(1) - measured (at both time point) 
Q13 Adjustment for baseline depression/BMI within all relevant studies  
(0) - no  or not reported or not 
required        
(1) - yes  
Q14 
Statistical 
analysis  
Was the analysis logically laid out and well 
conceptualized?  
No (0) 
Yes (1) 
Q15 Was missing data analysed using imputation methods? 
No (0) 
Yes (1) 
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Table S4.4: Quality score  
Studies  
Design 
Specific 
Bias (1)  
Selection           
Bias               
(6) 
Confounder 
(3) 
Information 
bias                 
(4) 
Statistical 
Methods           
(2) 
Score 
 
Obesity to depression 
Herva et al., 2006 1 4.5 1 2 1 0.79 
Anderson et al., 2007 1 2.5 1 3 1 0.71 
Anderson et al., 2010 1 3 1 4 1 0.83 
Frisco et al., 2013 1 3 2 4 1 0.92 
Goodman et al., 2002 1 3 0 4 1 0.75 
Marmorstein et al., 2014 1 3 3 4 1 1.00 
 
Depression to obesity  
Pine et al., 1997 1 5 1 3 1 0.92 
Pine et al., 2001 1 4 0 3 1 0.75 
Goodman et al., 2002 1 3 3 4 1 1.00 
Richardson et al., 2003 1 2.5 1 4 2 0.87 
Stice et al., 2005 1 4 1 4 1 0.92 
Franko et al., 2005 1 5 1 3 1 0.92 
Anderson et al., 2010 1 3 1 4 1 0.83 
Kubzansky et al., 2012 1 4 1 3 1 0.83 
Marmorstein et al., 2014 1 3 3 4 1 1.00 
• Total quality score-16 
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Figure S4.1: Adolescent depression leading to obesity (forest plot expressed in RR) 
 
 
 
Depression leads to obesity by Male, Female and Both 
RR
7654321
Study or Subgroup 
Richardson et al., 2003 (m) 
Marmorstein et al., 2014 (b) 
Male subgroup 
Pine et al., 1997 (m) 
Kubzansky et al., 2012 (b) 
Both  subgroup 
Male 
Q=0.60, p=0.44, I2=0%
Female  
Q=0.20, p=1.00, I2=0%
Both  
Q=1.70, p=0.64, I2=0%
Overall 
Q=11.20, p=0.34, I2=11%
Pine et al., 2001 (b) 
Anderson et al., 2010 (f) 
Goodman et al., 2002 (b) 
Stice et al., 2005 (f) 
Richardson et al., 2003 (f) 
Female  subgroup 
Pine et al., 1997 (f) 
Franko et al., 2005 (f) 
    RR (95% CI)          % Weight
   0.90  (  0.37,  2.02)      4.5
   1.02  (  0.38,  2.77)      4.1
   1.18  (  0.69,  1.99)     11.3
   1.38  (  0.70,  2.69)      6.8
   1.41  (  1.13,  1.84)     39.2
   1.47  (  1.17,  1.84)     53.0
   1.69  (  1.39,  2.05)    100.0
   1.80  (  0.75,  4.29)      3.7
   2.00  (  0.93,  5.68)      3.9
   2.13  (  1.03,  4.89)      5.9
   2.24  (  0.63,  7.09)      3.0
   2.33  (  1.29,  3.83)      9.2
   2.36  (  1.77,  3.14)     35.8
   2.39  (  1.51,  3.80)     13.1
   2.57  (  1.18,  4.65)      6.6
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Figure S4.2: Adolescent depression leading to obesity (forest plot expressed in RD) 
 
 
 
 
 
 
 
Adolescet depression lead to obesity by Male, Female and Both
RD
0.20
Study or Subgroup 
Pine et al., 2001 (b) 
Pine et al., 1997 (m) 
Marmorstein et al., 2014 (b) 
Men subgroup 
Kubzansky et al., 2012 (b) 
Richardson et al., 2003 (m) 
Pine et al., 1997 (f) 
Both  subgroup 
Men 
Q=0.20, p=0.66, I2=0%
Women  
Q=2.00, p=0.74, I2=0%
Both  
Q=31.96, p=0.00, I2=91%
Overall 
Q=38.41, p=0.00, I2=74%
Franko et al., 2005 (f) 
Women  subgroup 
Richardson et al., 2003 (f) 
Stice et al., 2005 (f) 
Anderson et al., 2010 (f) 
Goodman et al., 2002 (b) 
    RD (95% CI)          % Weight
   0.00  ( -0.03,  0.03)      9.8
   0.00  ( -0.04,  0.05)      7.2
   0.01  ( -0.02,  0.04)     14.6
   0.01  ( -0.03,  0.04)     10.5
   0.01  ( -0.01,  0.04)     14.8
   0.02  ( -0.04,  0.09)      3.3
   0.03  ( -0.02,  0.09)      4.7
   0.04  ( -0.01,  0.08)     56.9
   0.04  (  0.01,  0.06)    100.0
   0.05  (  0.02,  0.07)     21.4
   0.05  (  0.03,  0.07)     32.6
   0.06  ( -0.03,  0.14)      2.1
   0.08  ( -0.09,  0.25)      1.3
   0.09  (  0.02,  0.15)      3.1
   0.10  (  0.07,  0.12)     17.7
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Figure S4.3: Funnel plot for depression leading to obesity 
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Figure S4.4: Adolescent obesity leading to depression (forest plot expressed in RR) 
 
 
 
 
 
Adolescent obesity  leads depression by Male, Female and Both 
RR
54321
Study or Subgroup 
Marmorstein et al., 2014 (b) 
Both  subgroup 
Goodman et al., 2002 (b) 
Herva et al., 2006 (m) 
Male subgroup 
Anderson et al., 2010 (f) 
Male 
Q=0.15, p=0.70, I2=0%
Female  
Q=2.08, p=0.72, I2=0%
Both  
Q=1.38, p=0.24, I2=27%
Overall 
Q=10.91, p=0.21, I2=27%
Anderson et al., 2007 (m) 
Boutelle et al., 2010 (f) 
Female  subgroup 
Herva et al., 2006 (f) 
Frisco et al., 2009 (f) 
Anderson et al., 2007 (f) 
RR (95% CI)          % Weight
0.71  (  0.34,  1.48)      7.1
0.97 (  0.63,  1.48)     25.6
1.15  (  0.81,  1.63)     18.5
1.25  (  0.89,  1.75)     18.4
1.31  (  0.94,  1.83)     22.8
1.38  (  0.91,  2.10)      7.9
1.40  (  1.16,  1.70)    100.0
1.49  (  0.55,  2.89)      4.4
1.50  (  0.78,  2.88)      6.9
1.72  (  1.38,  2.15)     51.6
1.76  (  1.14,  2.23)     18.7
1.83  (  1.17,  3.09)     11.8
2.36  (  1.45,  4.95)      6.4
210 
 
 
 
Figure S4.5: Adolescent obesity leading to depression (forest plot expressed in RD) 
 
 
 
 
 
 
Adolescent obesity lead to depression by Male, Female and Both
RD
0.20
Study or Subgroup 
Marmorstein et al., 2014 (b) 
Herva et al., 2006 (m) 
Both  subgroup 
Men  subgroup 
Herva et al., 2006 (f) 
Men  
Q=0.45, p=0.50, I2=0%
Women 
Q=1.46, p=0.83, I2=0%
Both  
Q=1.17, p=0.28, I2=15%
Overall 
Q=3.98, p=0.86, I2=0%
Frisco et al., 2009 (f) 
Women subgroup 
Goodman et al., 2002 (b) 
Anderson et al., 2007 (m) 
Boutelle et al., 2010 (f) 
Anderson et al., 2010 (f) 
Anderson et al., 2007 (f) 
RD (95% CI)          % Weight
0.00  ( -0.02,  0.02)     18.7
0.00  ( -0.01,  0.02)     17.1
0.00  ( -0.01,  0.02)     29.5
0.00  ( -0.01,  0.03)     19.6
0.01  ( -0.01,  0.02)     15.8
0.01  (  0.00,  0.02)    100.0
0.01  (  0.00,  0.03)     27.4
0.02  (  0.00,  0.03)     50.9
0.01  ( -0.01,  0.03)     10.8
0.02  ( -0.04,  0.09)      2.4
0.03  ( -0.04,  0.09)      2.7
0.03  ( -0.02,  0.08)      3.4
0.09  ( -0.10,  0.28)      1.5
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 Figure S4.6: Funnel plot for obesity leading to depression 
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Chapter 5: The association between obesity and depression in adult men and women  
 
Search Strategy  
The articles were searched combining the following key words and medical subject headings 
(MeSH): depression, depressive disorder, depressive symptoms, major depression, metabolic 
syndrome, overweight, obesity, adiposity, body mass index, waist-hip ratio, and waist 
circumference.  
((depression OR depressive disorder OR depressive symptoms OR major depression)) AND 
(metabolic syndrome OR overweight OR obesity OR adiposity OR body mass index OR 
waist-hip-ratio OR waist circumference) 
 
Table S5.1: PICOS criteria for inclusion and exclusion of studies 
Parameter Inclusion Criteria Exclusion Criteria 
Population 
1. Adult men and women aged  18 years and 
over   
2. Study population are from developed 
countries  
Men and women aged below 18 years  
Exposure 1. Overweight and obesity (leading depression) 
2. Depression (leading overweight/obesity) 
Weight change and other measures of 
mental health  
Comparator N/A N/A 
Outcomes Odds and relative risk (RR) for either direction of association between depression and 
overweight/obesity   
Hazard ratio and other measures  
Study design Prospective studies  
Cross-sectional study, case-control 
study and randomized control trial 
Editorials  
Methodological articles  
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Table S5.2: Quality assessment checklist  
 
 
 
 
 
Q1 Design Specific Bias   Was the data completely prospectively collected? 
No (0) 
Yes (1) 
Q2 
Study 
selection        
Bias  
Was there significant refusal to participate in baseline 
data collection? 
No (0) 
Yes (1)= > 20% of prospective 
collection of baseline data or not 
reported 
Q3 
Were the number of participants lost at each stage or 
protocol deviations, acceptable (based on reason for 
dropout) or <20%?  
No or not reported (0) 
Yes (1) 
Q4  Were the eligibility criteria clearly specified and uniformly applied? 
No or no description (0) 
In part (0.50) 
Yes (1) 
Q5 
Study population sufficiently describe (e.g. gender, age 
distribution)  
  
No (0) 
Yes (1) 
Q6 
Sampling process sufficiently describe (sampling frame 
e.g. telephone directory, sampling method, sample size 
calculation) 
No (0) 
Yes (1) 
Q7 Characteristics of drop-outs or non-respondents reported 
No (0) 
Yes (1) 
Q8 
Adjustment 
of 
Confounder 
Number of confounder considered/adjusted in the 
analysis 
>10 confounders =3 
6-10 confounders = 2 
1-5 confounders = 1 
Unadjusted = 0  
Q9 
Information 
Bias   
Was timing of outcome assessment and duration of 
follow-up adequate for outcomes to occur?  
No (0) = <1 year 
Yes (1) =  ≥ 1 year 
Q10 Psychological predictors assessed using valid and precise instrument  
(0) = self-reported depressive 
symptoms 
(1)= Clinically measured using 
valid instruments 
Q11 How accurately was exposure measured? 
(0) - self-report (at any time point) 
(1) - measured (at both time point) 
Q13 Adjustment for baseline depression/BMI within all relevant studies  
(0) - no  or not reported or not 
required        
(1) - yes  
Q14 
Statistical 
analysis  
Was the analysis logically laid out and well 
conceptualized?  
No (0) 
Yes (1) 
Q15 Was missing data analysed using imputation methods? 
No (0) 
Yes (1) 
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Table S5.3: Studies quality score  
Studies  
Design 
Specific 
Bias 
(1) 
Selection           
Bias               
(6) 
Confounder 
(3) 
Information 
bias                 
(4) 
Statistical 
Methods           
(2) 
Score 
       
 
Overweight and obesity leading to depression  
Roberts et al., 2003  1 3 2 4 1 0.73 
Sachs-Ericsson et al., 2007 1 3 0 4 1 0.60 
Van gool et al., 2007 1 4.5 0 4 2 0.77 
Bjerkeset et al., 2008 1 4.5 3 3 1 0.83 
Kasen et al., 2008 1 5.5 2 3 1 0.83 
Koponen et al., 2008 1 4 0 5 1 0.73 
Ball et al., 2008 1 3 2 3 1 0.67 
McCarty et al., 2009 1 3.5 1 2 1 0.56 
Kivima¨ki et al., 2009 1 5 3 4 2 1.00 
Godin et al., 2010 1 4 2 4 1 0.80 
Brown et al.,2011 1 3 2 3 1 0.67 
Wild et al., 2012 1 4.5 2 4 1 0.83 
Hamer et al., 2012 1 4.5 2 4 1 0.83 
Pan et al., 2012 1 4.5 3 4 1 0.89 
       
 
Depression leading to overweight and obesity  
Barefoot et al., 1998 1 3.5 1 2 1 0.56 
Roberts et al., 2003 1 3 2 4 1 0.73 
Hasler et al., 2005 1 4.5 0 3 1 0.63 
Van Gool et al., 2006 1 4.5 0 4 2 0.77 
Koponene et al., 2008 1 4 0 5 1 0.73 
Vogelzangs et al., 2008 1 5 1 3 1 0.73 
Kivima¨ki et al., 2009 1 5 3 4 2 1.00 
Pan et al., 2012 1 4.5 3 4 1 0.89 
Brumpton et al., 2013  1 4.5 3 4 1 0.89 
*Total quality score- 16 
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Table S5.4: Pooled estimates of incidence depression leading to overweight measured in terms of relative and absolute risk using quality effect 
model 
Study Overweight  Non-overweight RR (95% CI) RD* (95% CI) 
P-value    
(between 
groups)# 
Men     
 
Hasler et al., 2005 (m) 3/8 38/178 1.76 (0.90, 3.62)  0.10(-0.13, 0.33) 
- 
Overall men    - - 
     Women      
Hasler et al., 2005 (w) 2/19 6/162 2.84 (1.49, 4.41) 0.05 (-0.05, 0.15) 
Pan et al., 2012 (w) 1290/4349 6301/24275 1.14 (1.08, 1.20) 0.02 (0.01, 0.03) 
Overall women    1.22 (0.96, 3.74) 0.02 (0.01, 0.03) 
      
Both (not able to separate)      
 
Barefoot et al., 1998 (B) 23/393 75/1694 1.32 (0.84, 2.08) 0.00 (-0.01, 0.01)  
Van Gool et al., 2006 (B) 1/8 8/49 0.77 (0.53, 1.16) 0.06 (-0.18, 0.30)  
Koponene et al, 2008 (B) 10/66 47/406 1.31 (0.70, 2.46)  0.02 (-0.04, 0.08)  
Vogelzangs et al., 2008 (B) 3/27 70/633 1.00 (0.57, 1.75) 0.03 (-0.07, 0.13)  
Overall Both    1.02 (0.77, 1.35) 0.02 (-0.02, 0.05) 
 
      
Overall pooled estimates     1.17 (0.77, 1.77) 0.02 (-0.01, 0.04)  
• RR-relative risk, RD-risk difference, CI-confidence interval  
* Risk difference (RD) was estimated based on cumulative incidence of the outcome at 5 years 
# Significance level of p-value set at <0.05 
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Table S5.5: Pooled estimates of incidence overweight leading to depression measured in terms of relative and absolute risk using quality effect 
model 
Study Depressed  Non-depressed  RR (95% CI) RD* (95% CI)  
P-value    
(between 
groups)# 
Men     
 
Bjerkeset et al., 2008 (m) 9327241) 1168/10249 1.13 (1.04, 1.82)  0.01 (0.00, 0.02) 
0.16 
Brown et al., 2011 (m) 93/1825 120/2325 0.99 (0.65, 1.51) - 
Wild et al., 2012 (m) 220/1907 257/1581 0.66 (0.56, 0.79) -0.03 (-0.04, -0.01) 
Overall depression (Men)    0.81 (0.53, 1.23) 0.00 (-0.03, 0.03) 
     Women      
Bjerkeset et al., 2008 (w) 685/4999 1505/11889 1.08 (1.00, 1.18) 0.00 (0.00, 0.01) 
Kasen et al., 2008 (w) 10/84 32/460 1.71 (0.87, 3.35) 0.01 (-0.02, 0.03) 
Brown et al., 2011 (w) 106/899 276/2931 1.25 (0.91, 1.72) - 
Wild et al., 2012 (w) 326/1810 422/2510 1.07 (0.94, 1.38) 0.01 (-0.01, 0.02) 
Pan et al., 2012 (w) 4382/23206 7514/42749 1.07 (1.01, 1.16) 0.00 (0.00, 0.01) 
Overall depression (Women)   1.10 (1.04, 1.17) 0.01 (0.00, 0.02) 
      
Both (not able to separate)      
 
Sachs-Ericsson et al., 2007 (B) 145/931 139/1475 1.65 (0.58, 5.37) -  
Ball et al., 2008 (B) 311/1207 1086/4869 1.16 (1.01, 1.37) -  
Godin et al., 2010 (B) 224/1226 338/1864 1.01 (0.81, 1.27) 0.00 (-0.01, 0.01)   
Van Gool et al., 2006 (B) 43/174 40/273 1.69 (1.02, 3.09) 0.04 (-0.01, 0.09)  
Overall depression (Both)    1.20 (1.01, 1.22) 0.01 (-0.03, 0.04) 
 
      
Overall pooled estimates     1.07 (0.94, 1.22) 0.00 (0.00, 0.02)  
• RR-relative risk, RD-risk difference, CI-confidence interval, m- men, w-women, B- both (men and women)  
* Risk difference (RD) was estimated based on cumulative incidence of the outcome at 5 years 
# Significance level of p-value set at <0.05
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Figure S5.1: Depression lead obesity by sex (expressed by relative risk) 
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Figure S5.2: Depression leads obesity by sex (expressed by risk difference)
Depression leading obsity by sex 
RD
0
Study or Subgroup 
Coen H. Van Gool, 2006 (m) 
JC Barefoot, 1998 (m) 
Mika Kivima¨ki, 2009 (m) 
Men  subgroup 
Men  
Q=2.18, p=0.70, I2=0%
Women 
Q=2.65, p=0.75, I2=0%
Both  
Q=0.16, p=0.92, I2=0%
Overall 
Q=9.89, p=0.70, I2=0%
A Pan, 2012 (w) 
Women subgroup 
Brumpton et al., 2013 (w) 
JC Barefoot, 1998 (w) 
Mika Kivima¨ki, 2009 (w) 
Brumpton et al., 2013 (m) 
Nicole Vogelzangs, 2008 (B) 
Roberts, 2003 (B) 
Both  subgroup 
Koponene, 2008 (B) 
Hasler, 2005 (m) 
Coen H. Van Gool, 2006 (w) 
Hasler, 2005 (w) 
RD (95% CI)          % Weight
-0.01  ( -0.40,  0.37)      0.0
0.00  ( -0.01,  0.02)      9.6
0.01  ( -0.01,  0.02)      9.4
0.01  ( - 0.01  0.03)     19.9
0.02  (  0.01,  0.03)    100.0
0.01  (  0.01,  0.02)     75.6
0.02  (  0.01,  0.03)     79.5
0.01  ( -0.02,  0.05)      1.2
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0.05  ( -0.03,  0.13)      0.2
0.06  (  0.00,  0.11)      0.5
0.07  ( -0.01,  0.15)      0.2
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Figure S5.3: Funnel plot of depression leading to overweight and obesity 
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Figure S5.4: Obesity lead depression by sex (expressed by relative risk) 
Obesity lead depression by sex
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Figure S5.5: Obesity leads depression by sex (expressed in risk difference)
Obesity leading to depression by sex
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Figure S5.6: Funnel plot of overweight and obesity leading to depression  
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Chapter 6: The association between gestational weight gain, postpartum weight retention, anxiety and depression over a 27 year period 
 
Table S6.1: Multivariate association between gestational weight gain (by IOM categories) at pregnancy with depression, anxiety and comorbidity 
of depression and anxiety at the 27 years postpartum by excluding women onset before pregnancy (final model)  
Characteristics  
Lifetime CIDI measure  
Depression  Anxiety Comorbidity of depression and anxiety  
Adjusted model (RR (95% CI) 
GWG by IOM categories    
Adequate weight gain  1.00 (ref) 1.00 (ref) 1.00 (ref) 
Inadequate weight gain   0.97 (0.84, 1.13) 1.22 (0.93, 1.59) 1.22 (0.83, 1.79) 
Excess weight gain  1.01 (0.89, 1.16) 1.35 (1.07, 1.71) 1.30 (0.92, 1.83) 
CIDI- computerized psychiatric interview, GWG- gestational weight gain, IOM- institute of medicine, RR- relative risk and CI- confidence interval  
Model: adjusted by age at first clinical visit (FCV), parity, education, marital status and smoking at FCV, physical activity and TV viewing during pregnancy, hypertension during pregnancy and menopause at 27 years  
 
 
 
 
 
 
 
 
 
 
 
 
 
224 
 
Table S6.2: Multivariate associations between relative change in postpartum weight retention with depression, anxiety and comorbidity of 
depression and anxiety at the 27 years postpartum by excluding women onset before pregnancy (final model) 
 
Characteristics 
Lifetime CIDI measure  
Depression  Anxiety Comorbidity of depression and anxiety   
Adjusted model (RR (95% CI) 
Postpartum weight retention (PPWR)    
total gain < mean +SD  1.00 (ref) 1.00 (ref) 1.00 (ref) 
total gain> mean +SD 1.18 (0.94, 1.47) 1.75 (1.29, 2.37) 1.21 (0.73, 2.02) 
 CIDI- computerized psychiatric interview, RR- relative risk and CI- confidence interval 
Model: adjusted by age at first clinical visit (FCV), parity, education, marital status and smoking at FCV, physical activity and TV viewing during pregnancy, hypertension during pregnancy and menopause at 27 years  
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Chapter 7: Association between the chronicity and severity of depression and overweight and obesity from pregnancy to 27 years 
postpartum 
 
Table S7.1: Adjusted association between interaction of chronicity and severity of depressive symptoms and BMI and WC at 27 years 
postpartum 
Women’s mental health  N BMI (kg/m²)                  
(β, 95% CI)  
  BMI categories                                                                                           (RR, 95% CI) P-value 
based on 
LRT* 
 
Normal 
(BMI<25kg/m²) 
Overweight           
(BMI≥25 to <30 
kg/m²) 
Obese 
(BMI≥30kg/m²) 
Interaction between 
chronicity and severity of 
depression 
1582 0.08 (-0.01, 0.19)  1.00 (ref) 1.01 (0.97, 1.05) 1.03 (0.98, 1.07) 0.07 
 N 
WC (cm)                  
(β, 95% CI)  
  WC categories                                                                                           (RR, 95% CI) P-value 
based on 
LRT 
 
Normal                       
(WC<80 cm) 
Overweight 
(WC≥80cm to 
88cm) 
Obese                          
(WC≥ 88cm) 
Interaction between 
chronicity and severity of 
depression 
1582 0.24 (0.02, 0.46)  1.00 (ref) 1.02 (0.97, 1.07) 1.02 (0.98, 1.07) 0.04 
*LRT- Likelihood ratio test, RR-relative risk, CI- confidence interval, BMI- body mass index and WC- waist circumference 
All the measures are adjusted with co-variates.  
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Table S7.2: Adjusted association between severity, chronicity and their interactions with BMI, WC and BMI and WC related overweight and 
obesity at 27 years postpartum 
Women’s  depressive 
symptoms   N 
BMI  (kg/m²)                          
(β, 95% CI)  
  BMI categories (RR, 95% CI)                                                                                           
 Normal  Overweight            Obese  
Depression  
      Neither severe nor chronic  606 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 
Chronic but not severe  217 -0.18 (-1.23, 0.85) 
 
1.00 (ref) 0.83 (0.56, 1.23) 0.89 (0.60, 1.31) 
Severe but not chronic  64 -0.25 (-2.00, 1.48) 
 
1.00 (ref) 1.42 (0.75, 2.71) 1.04 (0.52, 2.06) 
Both chronic and severe  712 1.10 (-0.35, 1.85) 
 
1.00 (ref) 1.07 (0.80, 1.43) 1.39 (0.86, 1.84) 
       
  
N WC (cm)                                             
(β, 95% CI)  
  WC categories (RR, 95% CI)                                                                                           
 Normal                        Overweight                    Obese                           
Depression  
      Neither severe nor chronic  606 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 
Chronic but not severe  217 -0.69 (-2.97, 1..58) 
 
1.00 (ref) 0.89 (0.56, 1.40) 0.86 (0.59, 1.28) 
Severe but not chronic  64 0.09 (-3.67, 3.86) 
 
1.00 (ref) 1.52 (0.65, 3.53) 1.61 (0.77, 3.33)  
Both chronic and severe  712 2.45 (0.81, 4.08) 
 
1.00 (ref) 0.97 (0.69, 1.38) 1.26 (0.94, 1.68) 
       Adjusted multinomial model included age, race, parity, education, income and marital status 
WC-waist circumference, RR- relative risk, CI- confidence interval  
BMI and WC categorised by WHO cut-off  (28)   
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Table S7.3: Association between socio-demographic variables and chronicity and severity of depressive symptoms categories (N=1599) 
  
 
Socio demographics at FCV  n 
Adjusted RR and CI by chronicity and severity of depressive symptoms  
Chronicity of depression categories  Severity of depression categories  
No depression  Moderate   High   Moderate  High   
Maternal age        
13-19 162 1.00 (ref.) 1.65 (0.80, 3.37) 5.69 (2.52, 12.8) 3.60 (1.70, 7.65) 3.00 (1.34, 6.69) 
20-35 1360 1.00 (ref.) 1.07 (0.62, 1.84) 1.94 (0.97, 3.86) 1.94 (1.04, 3.64) 1.46 (0.74, 2.87) 
35+ 77 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Race       
Non-white  84 1.00 (ref.) 0.96 (0.54, 1.69) 1.53 (0.88, 2.64) 1.34 (0.78, 2.30) 1.69 (0.95, 3.01) 
White  1490 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Parity        
no children previously 1005 1.00 (ref.) 0.99 (0.76, 1.28) 0.82 (0.62, 1.09) 0.85 (0.65, 1.10) 0.88 (0.65, 1.18) 
one or more kids 597 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Maternal education        
Incomplete high  199 1.00 (ref.) 1.25 (0.81, 1.95) 1.76 (1.11, 2.78) 1.50 (1.07, 2.30) 1.40 (1.01, 2.27) 
Complete high  1033 1.00 (ref.) 1.11 (0.83, 1.48) 1.19 (0.86, 1.64) 1.10 (0.82, 1.48) 1.04 (0.74, 1.47) 
Post high  364 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Maternal income        
$10399 or less 1134 1.00 (ref.) 0.83 (0.62, 1.12) 0.67 (0.50, 0.91) 0.97 (0.73, 1.31) 0.48 (0.35, 0.64) 
$10400 or more 397 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Maternal marital status        
Single/Sep-div-wid 130 1.00 (ref.) 1.63 (0.43, 6.13) 5.25 (1.69, 16.3) 2.13 (1.56, 6.41) 3.70 (1.30, 10.5) 
Married-liv-together 1463 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 
Estimates were adjusted for the other socio-demographic variables in the table  
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Table S7.4: Full adjusted association between chronicity of depressive symptoms and BMI and WC measured both as continuous and in categories, 
expressed as β and RR, respectively, with 95% confidence interval [results based on inverse probability weights] 
Model  Depression characteristics  
BMI (kg/m²)                       
(β, 95% CI)  
BMI categories                                                                                           
(RR, 95% CI)    WC (cm)                        
(β, 95% CI)  
WC categories                                                                                        
(RR, 95% CI) 
Normal  Overweight  Obese   Normal  Overweight  Obese  
Full 
adjusted 
model  
Chronicity (con.) 0.28 (0.14, 0.49) 1.00 (ref) 0.98 (0.90, 1.11) 1.10 (1.05, 1.20)  0.66 (0.29, 1.09) 1.00 (ref) 0.89 (0.73, 1.02) 1.09 (1.02, 1.20) 
Chronicity (cat.)           
No chronic 
depression  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate     -0.02 (-0.73, 0.65) 1.00 (ref) 0.91 (0.67, 1.18) 0.93 (0.67, 1.29)  
-0.12 (-1.57, 
1.23) 1.00 (ref) 0.77 (0.53, 1.08) 0.77 (0.49, 0.90) 
Chronic  1.79 (1.11, 2.21) 1.00 (ref) 1.11 (0.78, 1.55) 1.58 (1.20, 2.19)   3.32 (2.02, 5.45) 1.00 (ref) 1.08 (0.89, 1.74) 1.56 (1.04, 2.09) 
Full adjusted model included age, race, parity, education, income and marital status.  
      RR- relative risk, CI- confidence interval, BMI-body mass index, WC-waist circumference  
       
Table S7.5: Full adjusted association between severity of depressive symptoms and BMI and WC measured both in continuous and in categories 
expressed as β and RR, respectively, with 95% confidence interval [results based on inverse probability weights] 
Model  Depression characteristics  
BMI (kg/m²)                       
(β, 95% CI)  
BMI categories                                                                                            
(RR, 95% CI)    WC (cm)                        
(β, 95% CI)  
WC categories                                                                                          
(RR, 95% CI) 
Normal  Overweight            Obese             Normal                        Overweight  Obese                           
Full 
adjusted 
model  
Severity (con.) 0.21 (0.05, 0.40) 1.00 (ref) 0.99 (0.86, 1.10) 1.01 (0.95, 1.14)  0.67 (0.23, 1.02) 1.00 (ref) 1.00 (0.92, 1.09) 1.07 (1.00, 1.14) 
Severity (cat.)  1.26 (0.31, 2.02)  1.22 (0.85, 1.69) 
 
 
 
  
 No severe 
depression  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Moderate   0.91 (0.10, 1.63) 1.00 (ref) 1.11 (0.83, 1.48) 1.28 (1.00, 1.71)  2.07 (0.31, 3.48) 1.00 (ref) 1.10 (0.76, 1.58) 1.28 (1.00, 1.67) 
Severe  1.26 (0.31, 2.02) 1.00 (ref) 1.22 (0.85, 1.69) 1.43 (1.07, 1.99)   3.13 (1.59, 5.16) 1.00 (ref) 0.95 (0.62, 1.47) 1.39 (1.00, 1.89) 
Full adjusted model included age, race, parity, education, income and marital status.  
      RR- relative risk, CI- confidence interval, BMI-body mass index, WC-waist circumference  
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Chapter 8: Association between the timing of depression across a woman’s reproductive 
life course and the subsequent experience of overweight and obesity 
 
Table S8.1: Multivariate attrition analysis comparing those included in the analysis versus 
those lost to follow-up with values on all baseline variables of interest [expressed in RR with 
95% Confidence Intervals (CI)] (n = 6221) 
Maternal characteristics  
Women who 
have been 
included in the 
analysis 
(n=1626) 
Women who 
have been 
excluded from 
the analysis 
(n=4595) 
RR (95% CI) p-value 
Maternal age      
13-19 years  12.8 19.9 1.00 (ref)  
20-35 years  82.3 75.5 0.83 (0.65, 1.06)  
35+ years  4.58 4.55 0.95 (0.60, 1.50) <0.001 
Maternal Education      
Incomplete high  15.3 20.2 1.00 (ref)  
Complete high  64.4 63.8 0.86 (0.69, 1.08)  
Post high  20.3 16.0 0.75 (0.57, 0.99) <0.001 
Race/Ethnicity      
White  92.8 85.5 1.00 (ref)  
Asian  3.55 5.68 1.32 (0.86, 2.03)  
Aboriginal-Islander 3.7 8.83 2.42 (1.69, 3.45) <0.001 
Parity      
No previous child  35.5 36.4 1.00 (ref)  
1-2 child  47.9 44.7 0.83 (0.69, 1.00)  
3 or more  16.5 18.9 1.03 (0.80, 1.33) 0.01 
Hypertension during pregnancy     
No  90.4 91.1 1.00 (ref)  
Yes 9.64 8.86 1.09 (0.84, 1.40) 0.29 
Gestational weight gain (GWG)     
Inadequate  40.8 37.9 1.00 (ref)  
Adequate 23.6 24.5 0.98 (0.79, 1.21)  
Excess 35.6 37.6 1.22 (1.02, 1.46) 0.001 
Breastfeeding at 6 months PP     
Never  17.1 25.3 1.00 (ref)  
<04 months  38.1 41.3 0.72 (0.58, 0.90)  
≥04 months  44.8 33.4 0.63 (0.50, 0.79) <0.001 
Depression around pregnancy      
No depression  80.8 75.1 1.00 (ref)  
Depression  19.2 24.9 1.01 (0.82, 1.24) <0.001 
Depression in child rearing 
period     
No depression  79.5 74.7 1.00 (ref)  
Depression  20.5 25.3 1.29 (0.95, 1.57) 0.002 
Note: Relative risk (RR) of not being included in the study by baseline variables included in the multivariate model.   
